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1. UNTKUUUUT1UK 
The use of pathogens in insect control programs is increasing. The 
concept has evolved into a subject of importance in every integrated pro­
gram of pest control. After many years of research and field evaluation 
in many parts of the world, scientific knowledge has laid the foundation 
for its use in economic entomology. 
Following successes, in the United States and several European coun­
tries , in the use of induced bacterial, fungal and viral infections in 
insect control programs, the Entomology Research Program of the Colombian 
Ministery of Agriculture began exploratory studies in 1959 on microbial 
control of insects. Initial plans were to limit the investigations to two 
pathogens ; the bacterium, Bacillus thuringiensis Berliner and the fungus, 
Beauveria bassiana (Balsamo) Vuillemin. A wide range of insect pests of 
corn and other crops, under the environmental conditions of the tropics, 
were considered. 
A search of the literature disclosed that limited data were avail­
able from tropical America. Several insect pests of economic importance 
to crops, in Colombia and neighboring countries, were not even mentioned 
in the list of insect species in other parts of the world reported as 
susceptible to Bacillus t'nuringiensis and Beauveria bassiana. The lack 
of information and the need for an integrated insect control program in 
Colombia were the main reasons for studies on the potentialities of B. 
thuringiens is and other pathogens as entomophagous entities. This paper 
presents the results of the research on the effects of Bacillus 
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Diatraea saccharalis Fabricius and Agrotis ipsilon (Hufnagel) attacking 
corn in the field and laboratory in Colombia and the United States. 
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A. The Fall Armyvzorm 
Metcalf and Flint (1951, p. 400) and Caswell (1962, p. 53) in recent 
reviews of the entomological problems in the tropics, mention that the 
occurence of Laphvgma frugjperda in the New World is recorded from Canada 
to Buenos Aires in Argentina. They indicate that it is economically more 
important in the tropics, where 11 or more generations are produced per 
year, compared with only one in Canada. Although the records from tropi­
cal Latin America are scattered through small publications, it is inter­
esting to note that discussions of the species always contain accounts 
of severe damage to one or more agricultural crops. Wille (1943, p. 90) 
and Bocanegra (1958) in Peru, Nickel (1958) in Paraguay, Figueiredo et al. 
(1960) in Brazil, Estrada (1960) in Nicaragua, Etcheverry (1957) in Chili, 
and Ruppel ^ t jil^ (1956) in Colombia report good examples of the importance 
of this insect in the tropical areas of South and Central America. In the 
tropical and temperate zones of the United States the situation is similar. 
Metcalf and Flint (1951, pp. 399-402), Harris Jr. (1959), Henderson et al. 
(1962), Granett and Reed (1960), and Harrison (1959) are among the authors 
that discuss the importance of the fall armyworm in the United States. 
_L. frugiperda is by no means restricted to corn. Wille (1943, p. 91) 
gives a list of economically important host plants in Peru, including com, 
sugar cane, rice, wheat, sorghum, barley, rye, oats, potatoes, tomatoes, 
tobacco, several cruciferous vegetables, and " quinoa"- (Cheaopodims guinea 
Willd.) a very important food crop in the country. These host plants, 
plus alfalfa, beans, peanuts are recorded hosts in several other countries 
reports the insect as a very important pest in cotton fields and Ruppel 
et al. (1956, 1957) in discussing the damage caused on com, indicate that 
a wide variety of wild grasses are considered to be primary host plants. 
Since I., frugiperda is a well known species throughout continental 
America, a number of papers have been written concerning its taxonomic 
position, damage, and economic importance to agriculture in many countries. 
In this connection the recent work of Etcheverry (1957) in Chili deserves 
special attention. Figueroa (1958) prepared a historical account of the 
milestones in the development of Latin American entomology, giving infor­
mation on this and many other important insect pests. 
L. frugiperda has received attention in Colombia since the beginning 
of this century. It is possible to find reports dealing with taxonomy, 
physiology, host range, damage, and simple control measures in numerous 
Colombian reports. These are primarily the work of Francisco L. Gallego 
and Luis M. Murillo, two well known pioneers in Colombian entomology. From 
these early works, from recent publications (Ruppel et al. 1956), and from 
personal observations, the characteristic damage caused by the fall army-
worm on com is summarized below. 
I,, frugiperda is abundant and injurious in Colombia in all areas 
having a mean temperature of 20 degrees centigrade or higher. Since the 
insect does not enter diapause, and the generations overlap because of 
suitable environmental conditions, the com plant is susceptible to damage 
from the early seedling until after the tassel has emerged. At times, 
reports Caswell (1962, p. 62), the population balance is disrupted by 
veto, j-civ j-oiiB xii na Luiai cuuLiui iùc uui & . ri i_ suvn l .luics ternie mo cas may .Lay 
thousands of eggs in restricted areas, resulting in an "army" of worms 
capable of inflicting serious damage before the natural controlling factors 
restore the population balance. Under endemic conditions, eggs are laid 
in masses containing from 20 to 200. These egg masses, covered with 
whitish wooly material, are found attached to the underside of the leaves 
or to the leaf sheaths of com plants less than 10 centimeters tall. The 
eggs hatch in three to five days depending on the temperature. The young 
larvae tend to disperse to neighboring plants, either crawling along the 
ground or on silken threads borne by the wind. During the first two in­
stars they feed only on the parenchymatous tissue of the leaves and then, 
as they grow older, on the entire leaf. Eventually the larvae locate in 
the whorl, tunneling through the folded leaves and causing a characteristic 
transverse row of holes visible on expanded leaves. The larval period is 
completed in 10 to 25 days. Full grown larvae fall to the ground where 
they dig and pupate below the surface. Adults emerge in about 10 days. 
For more detailed information on the habits, morphology, and life cycle 
see Wille (1943, p. 91), MeteaIf and Flint (1951, p. 400), Ruppel et al. 
(1956), and Etcheverry (1957). 
It is quite common in Colombia for a young com plant to be attacked 
and destroyed by 10 or more larvae. When the apical maristern is injured 
a plant will remain dwarfed and will not tassel. (Wille (1943, p. 91), 
Ruppel et al. (1956, 1957), and Saldarriaga (1958) report that losses 
caused by L. frugiperda cannot be estimated accurately for the country 
as a whole because of variations in degree of damage exhibited in different 
Figure 2. Young corn plants well 
protected from the damage 
of Laphygma frugiperda. 
Compare with above. 
Figure 1. Characteristic damage of 
Laphygma frugiperda on 




tations are completely destroyed, while in other instances losses are 
negligible. Wille (1943, p. 92) reports that at times the damage is so 
severe in some valleys of Peru that the farmer may be forced to replant 
four or five times. (See Figures 1 and 2.) 
B. The Sugar Cane and Corn Stalk Borers 
The sugar cane and corn stalk borer complex may be considered as the 
tropical counterpart of the European com borer in the United States. As 
indicated by Caswell (1962, p. 69) the taxonomic position of these cram-
bine borers is still quite confused. However, it seems to be generally 
accepted that in the New World the genera Diatraea and Zeadiatraea include 
most of the borer species found on gramineous crop plants. In the genus 
Diatraea the species saccharalis (Fabricius), and in the Zeadiatraea the 
species grandiose11a (Dyar) and lineolata (Walker), are the main insect 
borers of sugar cane, com, and other crops in tropical and neotropical 
America (Caswell, 1962, p. 71; Mago-Navarrete, 1961; Angeles et al. 1960; 
Duarte, i960; Estrada, I960; Floyd et al. 1960; Wille, 1943, p. 165; and 
Alvarado, 1939). 
In Colombia, in the coastal regions, Hagdalena and Cauca Valleys, and 
the eastern plains from the Andes to the Venezuelan and Brazilian borders, 
the most important species are D. saccharalis and Z. lineolata. 
The agricultural host plants for these three species of crambine 
borers are sugar cane, com, sorghua, rice, wheat, rye, and several grasses, 
according to Wille (1943, p. 160). Metcalf and Flint (1951, p. 449) 
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noted, however, that sugar cane is mentioned in the literature associated 
only with jD. saccharalis. 
In Colombia these borers are crop pests only in the low lands where 
temperatures are above 25 degrees centigrade. In the high lands, where the 
average temperature is 15 degrees centigrade or less, and where wheat, 
barley, oats, and many varieties of com and pasture grasses are grown, 
the borers cause no problem. À1through D. saccharalis has been reported 
to enter diapause in the neotropical areas of the United States (Katiyar 
and Long, 1961; Caswell, 1962, p. 69), such behavior does not occur in 
Colombia. The insect has apparently never established itself in the cooler 
agricultural areas located 2,000 meters or more above sea level. Thus, 
damages by the borers in Colombia are restricted to sugar cane, corn, rice, 
and grasses grown in hot climates. 
Morphologically, as well as biologically, JD. saccharalis closely 
resembles the two species of borers Zeadiatraea grandiose11a and Z. 
lineolata (Caswell, 1962, p.71). Therefore this discussion will concern 
only I), saccharalis, and corn as its host plant. Also it is the most 
important borer found in most of the com plantations in Colombia. 
Fertilized females of I), saccharalis lay eggs at night on the leaves 
or sheaths of com plants more than one meter tall. The eggs are rather 
flat and overlap one another, resembling fish scales. Each mass may con­
tain up to 40 eggs and each female is capable of laying as many as 300 
eggs. In five to seven days, depending on ecological factors, eclosion 
takes place, and the young larvae move down into the apical funnel where 
v&icjf i.ccu on une J.CC1VOO • rxo vncjr giuw uiuci lucv lUCclLC ucilCciUtà vue i-GclL 
sheaths and begin to tunnel into the stalk above the nodes. By the time 
the larvae are full grown they have tunnelled the length of the infested 
internodes, and in some cases have penetrated the nodes. The larval stage 
requires 20 to 30 days. Pupation takes place in the tunnel. Adults emerge 
in 7 to 10 days. The life cycle of D. saccharalis is discussed in detail 
in several publications (Alvarado, 1939; Wille, 1943, pp. 119-122, 161; 
Peairs and Davidson, 1961, pp. 166-167; and Caswell, 1962, pp. 69-71). 
As in the case of the fall armyworm, losses caused by D. saccharalis 
to com are difficult to evaluate for the whole country. In some areas 
losses exceed 50 per cent of the crop through reduced yields, stalk break­
age, and poor quality. In heavy infestations D. saccharalis may injure the 
plant from below soil level up to the tassel. There may be as many as 50 
cavities per plant in com plants grown at the lower elevations, while 
plantings grown at elevations between 1,000 and 1,500 meters above sea 
level the damage is moderate. Under conditions of high humidity and tem­
perature , injury of D. saccharalis usually triggers secondary invasion by 
plant pathogens such as stalk rots. In addition broken stalks also result 
in serious losses where com is harvested mechanically. 
C. The Black Cutworm 
Agrotis ipsilon (Hufnagel) , the blsck cutworm, is distributed world­
wide and is a serious pest in agricultural areas of the tropics (Caswell, 
1962, p. 59; Me teaIf and Flint, 1551, p. 403). It has a long list of host 
plants, including cultivated and wild species. It is only briefly men­
tioned in a few Latin American publications (Wille, 1943, p. 90; Alvarado, 
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commonly referred to as "gusanos cortadores" (cutworms) which include 
several related species. 
Although the species can be found all over Colombia, as indicated by 
Revelo (1957) and Ruppel et <il. (1956), the damage to agricultural crops 
is greatest in the upper elevations along the ranges of the Andes. In 
lower areas from sea level to 1,000 meters, losses are less severe. 
Wille (1943, pp. 90-91) includes the genus Agrotis among insect pests 
of cotton and briefly mentions it in discussing insects of small grains, 
potatoes, tomatoes, and some other vegetables, but not as a corn insect. 
Metcalf and Flint (1951, p. 403) in the United States, in discussing the 
host range of cutworms say that "nearly all plants, except those with hard, 
woody stems are fed upon by cutworms," but indicate that com, beans, cab­
bage , cotton, tomatoes, tobacco, and clover are the most severely attacked. 
Pigatti (1959) in Brazil reports it as an important insect pest of potatoes, 
tomatoes, and com. In Colombia, Ruppel et al. (1956) , Revelo (1957) , and 
Saldarriaga (1958) state that in most regions com is one of the host 
plants severely attacked. Barley, wheat, oats, beans, potatoes, garden 
vegetables, and even grasses are attacked at higher elevations. 
In summarizing the life history of A. ipsilon, as it occurs in Colom­
bia, it is interesting tc note that diapause does not occur under tropical 
conditions. This is the major difference in the life history of the spe­
cies between the tropical and the temperate zones. A. ipsilon has adapted 
its life cycle to several environmental conditions. In the southern part 
of the United States there are at least four generations a year while in 
and Davidson (1961, p. 144). In Colombia, Ruppel et _al. (1956) and Revelo 
(1957) demonstrated a continuous breeding throughout the year. The insect 
passes the winter in subtropical regions of North America, as full grown 
larvae (Peairs and Davidson, 1961, p. 144; Me teaIf and Flint, 1951, p. 404: 
and Walton and Davis, 1916), or in the pupal stage according to Forbes 
(1954) and Walkden (1950). The only variation encountered in the life 
cycle within the thermal regions of Colombia is an increase in length as 
the average temperature decreases from the hot low valleys to the cool of 
the mountains. At Medellfn, where the mean temperature is about 22 degrees 
C., the egg to egg cycle requires 45 to 50 days. At Bogota, with a mean 
temperature of about 14 degrees C., the cycle requires 50 to 55 days. 
Females of A. ipsilon lay about 800 eggs. They are deposited singly 
or in groups on soil, plants, or plant refuse. In four to seven days the 
eggs will hatch, and the larvae disperse to neighboring plants. Usually 
the first, second, and third instars (about 12 to 16 days of larval life) 
are spent on the surface of the soil. They then develop the burrowing 
habit and tunnel through the upper five centimeters of the soil, especially 
during the daylight hours. The larvae are full grown in 25 to 30 days, 
under normal environmental conditions and a mean temperature of about 22 
degrees C. Full grown larvae pupate in a cell in the soil. Adults emerge 
10-12 days later and copulation takes place, usually during the first 24 
hours of adult life. Fertilized females begin to lay eggs on the fourth 
day of adult life. A more detailed life history of A. ipsilon is 
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in Colombia. 
A. ipsilon is a very important insect pest of corn in the agricul­
tural areas of Colombia (Revelo, 1957). The damage may sometimes be so 
extensive that complete fields are destroyed in a short time. Corn seed­
lings are subjected to leaf feeding by A. ipsilon larvae up to the third 
instar. Older larvae, in which the climbing habit either has been lost, 
or as indicated by Whelan (1935), never developed, cause injury by cutting 
the seedlings and older plants at or below soil level. This cutting habit 
seems to be a response to hunger and also, as pointed out by Whelan (1935), 
satisfies the cutting instinct. A single larva often cuts down all the 
corn seedlings in a hill but drags only one to its near-by burrow. On 
the average an estimated 15 to 20 per cent loss of plants in a Colombian 
corn field can be expected. 
D. The European Corn Borer 
Although all of the field experiments reported here were undertaken-
in Colombia on com insects other than Ostrinia nubilalis (Hubner), 
several studies were conducted in Iowa on the European corn borer. 
York (1958) and Revelo (1959), among other writers, give a complete 
historical review of the insect starting with its taxonotaic designation 
by Hubner, in Europe. The range of infestations in both, the Old and 
New Worlds are indicated, and with a well documented survey of the litera­
ture with special reference to diseases they follow the trends of disper­
sion of the pest into the continental United States, beginning with the 
first publication of Vinal (1917). The reports by York (1958) dealing 
13 
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(1961). The eggs are laid in masses, primarily on the underside of the 
leaves of the corn plant. Each mass contains an average of 15 to 20 eggs, 
totaling up to 400 per female. After four to seven days the eggs hatch 
and the larvae mature in 20 to 40 days. The pupal stage requires 10 to 
20 days, and adults live for 10 to 20 days. The mature larvae from the 
second generation is usually the overwintering stage under the environ­
mental conditions of Iowa and other corn belt States. Young larvae injure 
the corn plants by feeding on the leaves. As they mature larvae tunnel 
into the stalk. According to Smith (1961), from 1942 to 1951 this pest 
caused damage to com estimated at 84 million dollars per year in the 
United States alone. 
E. Approved Control Measures 
Control measures of L. frugiperda, I), saccharalis, A. ipsilon, and 
nubilalis have followed very much the same evolutionary pattern all 
over the world. In the tropical areas of Latin America the farmer had no 
choice in the insect control measures available to him before 1940. The 
historical review of Figueroa (1958), or the writings of Wille (1943, pp. 
387-420), and Alvarado (1939), clearly imply that until the second and 
third decade of the present century, cultural practices and the use of 
parasites and predators were the only available control measures. Alvarado 
(1939) and Wille (1943, pp. 411-417), did however, discuss chemical control 
as a new method, giving advise in the use of mineral oils, botanical insec­
ticides, and "modem" chemicals such as arsenites, arsenates, and paris 
5-LCCLi.» X V WOO Livu V11VXX X ^  W WHCH CC11CC1.S XUX CULUUiUiUgltttl JLCdCaiCll Lfê— 
gan to function, that Latin America began to utilize modern control 
practices. 
After 1950 there is a profusion of technical papers dealing with many-
aspects of economic entomology based on modern concepts. Modern insecti­
cides are advocated today as the major insect control system in Colombia 
to arrest damage by fall armyworm, black cutworm, and sugar cane and com 
stalk borers, although the use of parasites and predators is still impor­
tant against D. saccharalis (Revelo, 1957; Ruppel et al. 1956; Saldarriaga 
1958). 
Control measures for the European com borer are adequately discussed 
by York (1958), Smith (1961), and Brindley and Dicke (1963). Insecticides 
such as DDT, applied as sprays or granules are relied upon at the present 
time. 
F. Development of Microbial Control 
The origin and development of the idea of using pathogens in insect 
control can be followed through the review of literature prepared by 
Steinhaus (1949, 1956), York (1958), Revelo (1959, 1961), Smith (1961), 
Brooks (1962), and the many papers listed by Franz (1961). Real progress 
has been made during the last two decades in many parts of the world. 
The recognition of insect disease as a problem has been traced back 
to biblical times in the exploitation of the silkworm in China and Japan. 
When the sericulture industry was started in Europe the true nature of 
insect diseases was disclosed and so, the first publication mentioning a 
disease of silkworm appeared in 1710 signed by Antonio Vallisnieri. His 
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Montagne, Robinet, Cuerin-Meneville, Maestri, Cornalia, and Quatrefages. 
More general concepts of diseases in insects were disclosed by De Geer, 
Latreille, Foscarini, and Kirbi and Spence. The first concrete attempts 
to control insects with pathogens were reported by Bassi, Metchnikoff, 
Pasteur, Le Conte, and Hagen. According to Steinhaus (1956) the ideas 
of Hagen found supporters in men such as J. H. Comstock, C. V. Riley, 
J. H. Burns, and A. N. Pretiss. 
About 1800, in Italy, the silkworm disease known as "mal del segno" 
or "calcino" was the impetus for an intensive study of the entomophagous 
parasite known as Beauveria bassiana (Balsamo) Vuillemin. Agostino Bassi 
was the first to demonstrate the pathogenic nature of this fungus on the 
silkworm and Balsamo (1835), co-worker of Bassi, the first to assign to it 
a place in the taxonomic scale. The pathogen was first named Botrytis 
paradoxa, then Botrytis bassiana, until finally Vuillemin (1912) made it 
the prototype of the genus, Beauveria. Soon after publication of the work 
of Bassi and Balsamo, several other researchers began an intensive study 
of the organism and, in succeeding years, more publications suggested its 
use in insect control. 
In the New World the use of this fungus in insect control found imme­
diate support from Hagen (1879). as described by Steinhaus (1956). There 
were many attempts to control insects with Beauveria bassiana in the late 
19th and early 20th centuries, according to reports by York (1958), Revelo 
(1959), and Smith (1961). Lefevre (1931a, 1931b) is credited in being the 
first to use j$. bassiana against Ostrinia nubilalis in America, following 
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susceptibility of the European com borer to the fungus, Paillot (1933) 
shewed that the virulence of _B. bassiana was retained after two years of 
culturing on artificial media. Bartlett and Lefevre (1934) demonstrated 
that the fungus was able to enter the host through the digestive tract or 
penetrate the chitin of the European com borer any place, except the head, 
and attack the internal organs. Good results against the European corn 
borer were reported in Illinois, Kansas, Minnesota, Nebraska, Missouri, 
Ohio, and Oklahoma (Steinhaus, 1956) but about 1940 (York, 1958), investi­
gations with B. bassiana were dropped. After 1950 renewed interest was 
shown in this field of research (Wilson, 1960; Revelo, 1964). In the 
tropics, with the exception of the work in Colombia in 1959 and following 
years, there are no reports on the effectiveness of B. bassiana. 
According to Yamvrias (1962), Ely Metchnikoff was the first scientist 
to observe a bacterial disease in an insect. He gave the name Bacillus 
salutarius to the pathogen causing disease in Anisoplia austriaca in 1879. 
Following this report and Pasteur's work on the possible use of diseases to 
control insects, Krassiltschik in Russia in 1893 described the bacterium 
Bacillus septicus insectorum and Bacillus tracheitis-sive graphitosis as 
pathogenic to larvae of some beetles. D'Herelle (1911) isolated a bac­
terium from Schistocerca pallens giving it the naze Ccccobacillus 
acridiorum, and in the same year, Berliner (1911), published part of his 
work on Anagasta (Ephestia) kuhniella Zeller. Four years later, the same 
author (Berliner, 1915), reported the isolation of a bacterium from 
diseased larvae of A. kuhniella, to which he gave the name of Bacillus 
wuwi. *.u>;xcuo jlo * nuiuciOuo icuvito vii tiic ouujctu auucdicu aitejL v licit- U jl 
Berliner (Yamvrias, 1962). Paillot (1933) published a more systematic 
study on the diseases of insects. He clearly pointed out that there were 
still too many problems to be solved before the insect pathogens could be 
recommended as a standard insect control measure. 
From 1928 on (York, 1958; Yamvrias, 1962), there were many important 
papers reporting research on insect control using bacterial preparations 
(Chorine, 1929; Metalnikov and Chorine, 1928, 1929; Husz, 1928, 1929; 
Mattes, 1927; White and Dutky, 1940). About 1945, as in the case of 
Beauveria bassiana the study of Bacillus thuringiens is was largely aban­
doned , perhaps, as indicated by Solomon (1953) and de Silva (1960), due to 
rapid strides in chemical control. 
A new era in the study of insect pathology came when Steinhaus (1949, 
1956) made public part of his important work on entomophagous pathogens. 
This, and the increasing concern over problems arising from the use of many 
chemical insecticides (Wilson, 1960), resulted in a renewed interest in the 
study of Bacillus thuringiens is and other pathogenic micro-organisms. 
During the last ten years a great deal of research has been performed on 
B. thuringiens is and its utilization for insect pest control (Yamvrias, 
1962; de Barjac and Bonnefoi, 1962; Franz, 1961; Revelo, 1964; Wilson, 
1960). In spite of the numerous reports on the use of 3 = thurinslensis 
against major agricultural insect pests, the literature from tropical South 
America does not reflect its use there. Only the reports on control of L. 
frugiperda by Figueiredo et al. (1960) in Brazil, Institute de Fomento 
Algodonero (1961) and Revelo (1964) in Colombia have been published. 
IS 
have disclosed many reasons accounting for the success or failure from the 
use of this pathogen in insect control, under laboratory and field condi­
tions. Soon after Berliner isolated and named Bacillus thuringiensis, 
there were doubts about the identity of the pathogen. These doubts were 
confirmed when it was determined that there are several "races" or 
"strains" with different characteristics (Steinhaus, 1959; Heimpel and 
Angus, 1958, 1959). Studies on classification and nomenclature of the 
different races have not completely resolved the confusion. De Barjac 
and Bonnefoi (1962) have recently devised a system of classification 
(of Facillus thuringiensis) based on biochemical and serological reactions 
that may fix the taxonomic position of Bacillus thuringiensis. 
The pathogenic properties of different races of B. thuringiens is have 
been investigated in a number of laboratories of Europe and America. 
Hannay (1953) drew special attention to the formation of certain crystal­
line inclusion bodies which had already been reported by Berliner (1915) 
and Mattes (1927). When Hannay (1953) rediscovered these he assumed they 
were of viral or genetic origin but in some way connected with the forma­
tion of toxic substances for many insect species. Two years later Hannay 
and Fitz-James (1955) published their findings that these were proteins and 
that they contained 17 amino acids. Angus (1954). in Canada. observed the 
action of crystals from Bacillus sotto dissolved in alkaline medium. He 
concluded that the paralysis produced in silkworms by the crystals sug­
gested the presence of a preformed toxin, although no toxin could be demon­
strated in culture media upon which the bacteria had been grown. More 
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Heimpel and Angus (1960b) to agree with Hannay and Fitz-James (1955) and 
add to information on the mode of action of the toxic crystalliferous in­
clusions. They devised an effective technique for separation of the crys­
tals, or "parasporal" bodies, from the vegetative spores and debris. The 
formation of the crystals has been investigated by Vânkova (1957), Heimpel 
and Angus (1960b), and Monro (1961). Their work shows that the crystals 
are produced at the time of sporulation by synthesis from amino acids, and 
they are released from the sporangium at the same time as the spores. 
Although the crystalline inclusions are closely related to the patho­
logical effects on certain insects, there is also evidence that the crys­
tals are not the only toxic principle within the bacterial cell. Toumanoff 
(1951), while attributing a toxic role to the parasporal bodies, considers 
the enzyme, lecithinase, as the main toxic factor. Heimpel (1955b) empha­
sized that there is a close relationship between pathogenic strains of B. 
thurinpiensis and ability to produce lecithinase. Vânkova (1957) and 
Monro (1961) pointed out that the crystalline inclusions are not the only 
proteins produced by this type of bacterium, and raise the question of how 
many unknown factors participate in the effect of the inclusion bodies. 
Intensive studies have somewhat clarified the physiological effects of 
_3. thuringiens is on the host (Heirspel and Angus, 1960b; Mac Bain-Cameron, 
1963). From those investigations it is known that lethal physiological 
disturbances take place in larval stages of many insects (principally 
Lepidoptera) through the altering of the hydrogen ion concentration of the 
digestive tract, haemolymph, or both, and by general partial paralysis 
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basis of symptoms induced by the pathogen, the susceptible insects have 
been grouped into three types (Heimpel and Angus, 1959). Their classifica­
tion seems to apply not only to the symptomatology produced by the crystals 
alone, but also to other toxic principles that may be correlated with the 
crystalline inclusions. The exact role of concurrent production of phos-
pholipase C or "other" toxic substances (Toumanoff, 1953: McConnell and 
Richards, 1959; Bonnefoi and Béguin, 1959) has not yet been defined. 
Many areas of microbial control need further investigation. The 
standardization of bacterial preparations seems to present a problem even 
though Heimpel and Angus (1960) definitely favor the system devised by 
P. Grison (1956) and other French workers (Bonnefoi et al. 1958; Burgerjon 
and Yamvrias, 1959). Another important area for research is the role 
played by environmental factors on the bacterial preparations, when used 
as insecticides under field conditions (Tanada, 1953). Van der Laan 
(1963), Smirnoff (1963) and Ignoffo (1962) have found that temperature and 
humidity, play an important part in the development of symptoms once the 
pathogen has invaded the host. Recently, Rushner and Harvey (1962) called 
attention to the effect of antibacterial substances in leaves of plants 
and to their possible role in insect resistance to diseases. 
For many years it has been suspected that solar radiation may affect 
the function and structure of bacterial cells (Metalnikov, 1933). Yamvrias 
(1962), following the reports of Bonnefoi and Béguin (1959) and Burgerjon 
and Yamvrias (1959), confirmed the fact that ultraviolet radiation inhibits 
the viability of the vegetative spores of Bacillus thuringiensis without 
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Anagasta kiihniella, that the irradiated spores and crystals do not affect 
larvae as much as will an equal quantity of B. thuringiensis not exposed 
to the action of U.V. rays. These reports as well as those of Smarda 
(1960), dealing with other effects of U.V. radiation upon the physiology 
of bacteria, are justification for further studies. 
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Between 1959 and 1962 laboratory and field research on the use of 
microbial materials were carried out as part of the National Program of 
Entomology at the Agricultural Experimental Stations of Tibaitata (Bogota), 
Palmira (Palmira), Tulio Ospina (Medellir.), and Nataima (El Espinal) of the 
Research Branch Division of the Colombian Ministery of Agriculture, in 
Colombia. These Stations were chosen because each is in a different eco­
logical region. They represent most of the conditions found in the agri­
cultural areas of the country. Initial laboratory tests were performed at 
the Tibaitata Agr. Exp. S ta. in Colombia. The remainder in laboratories 
of the Department of Zoology and Entomology of the Iowa State University 
at Ames, Iowa, and at the Cooperative Com Borer Laboratory at Ankeny, Iowa. 
A. Experimental Insects 
For laboratory experiments in Colombia dealing with Agrotis ipsilon, 
the larvae were collected from the field as they were needed and used after 
sorting to size and age. For similar studies on Ostrinia nubilalis, in 
Iowa, larvae were obtained from com fields. The large number of Laphygma 
frugiperda larvae used for laboratory work in connection with physiological 
studies in Iowa, were obtained from laboratory rearings. This insect was 
used more extensively in laboratory experiments because it could be easily 
reared in numbers in the laboratory, does not go into diapause, and has a 
wide range of acceptance in food materials. It is also fairly large and 
easy to manipulate. 
inoculation tests using concentrations of a commercially produced prepara­
tion of Bacillus thuringiensis on field collected larvae. 
B. Laphygma frugiperda Rearing 
Full grown larvae, collected in an Iowa com field in the fall of 1962, 
were used to start the laboratory culture of L. frugiperda. The larvae 
were placed individually in glass vials 1.9 cm. x 6.2 cm. plugged with 
sterile cotton. Each vial contained a cylinder of artificial diet prepared 
according to the formula used for feeding European com borer larvae 
(Becton et al. 1962). The vials were then placed in a heated greenhouse 
where the temperature was maintained at about 20°C. (72°F.). The larvae 
pupated in the vials. 
The use of artificial diet provided the following advantages: 
a) The larvae had an abundant, nutritious supply of food. 
b) The residues of the food, as well as fecal pellets, were readily 
used by the larvae to build the pupal cell. 
c) The consistency of the synthetic food was ideal for maintaining 
high humidity which is necessary for normal emergence of adults. 
d) The clear walls of the vials permitted frequent observations 
of the developing insect without disturbing the insect. 
As soon as the adults emerged, they worked their way out of the pupal 
cell and expanded their wings. 
Since the sexual dimorphism of the species permits easy separation of 
the sexes, equal numbers of male and female moths were transferred to the 
mating chamber. The mating chamber consisted of a rectangular cage 60 cm. 
solid wood bottom, two opposite sides with removable glass panels, and the 
top and remaining walls covered with 96 mesh metalie screen. Two or three 
six-inch clay pots containing 30 corn seedlings, 10 to 12 inches high, were 
placed in the cage. Folded paper towels were hung from the top of the cage 
to provide shaded resting places for the moths. Food for the adults was 
provided by placing a sterile cotton wad saturated with an aqueous solution 
of 10 per cent sucrose and 10 per cent honey in a 250 c.c. beaker, in 
each cage. 
Within two to three days after adult emergence, females begin oviposi-
tion. They prefer to lay on leaves of com seedlings, but they will also 
oviposit in the cages on the hanging paper towels, screen, and the inside 
surface of the glass panels. Since mated females are quiet during the day, 
pots of seedlings on which eggs had been laid were easily removed from the 
cage ofter oviposition. These pots were transferred to larger cages for 
incubation of the eggs and development of the larvae. The pots removed 
from the mating chamber were replaced with uninvested plants. Laboratory 
egg production can be extended indefinitely by keeping available a good 
supply of adults and com seedlings. 
The cages used for larval development (Fig. 3) were similar to ovi­
position cages but 60 cm. in height. 50 cm. in width, and 60 cm. in depth. 
Infested seedlings were placed in the center of the cage. Three or four 
additional pots of uninfested com seedlings were placed in the cage to 
provide sufficient food for the growing larvae. Larvae dispersed 
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seedlings readily. 
During preliminary trials it was found that first and second instar 
fall armyworm larvae do not develop well on the synthetic diet used. 
Living plant tissue was required during the early stages of larval develop­
ment. When the larvae had reached the second instar they could be trans­
ferred to vials containing the laboratory diet. 
An alternate method used to obtain experimental cultures was to allow 
the larvae to feed on com seedlings for the entire larval life (Fig. 4). 
When they became full grown they dug into the soil of the pot and pupated. 
Five days after the larvae had buried themselves in the soil, pupae were 
removed and placed in moist sawdust for emergence of adults. The removal 
of the pupae from the soil should not be made earlier because the destruc­
tion of the cocoon during the prepupal stage results in death of the 
specimen. 
Large numbers of the larvae were used for laboratory studies. From 
the initial population collected in the field the colony was continued 
through 20 generations without visibly changing the vigor, habits, or 
appearance of the insects. 
C. Source of the Pathogens 
The original cultures of Beauveria bassiana (Balsamo) Vuillemin were 
provided by the Ankeny Com Borer Laboratory from stock cultures maintained 
by Dr. G. T. York. The material furnished consisted of a pure culture of 
sporulated fungus on nutrient agar slants. From this, all spores subse­
quently needed were prepared at the Tibaitata Exp. Sta., following the 
Figure 3. Cages used for the larval development during the laboratory 
rearing of Laphygma frugiperda. 
Figure 4. Removable pots with corn seedlings used for the laboratory 
rearing of Laphygma frugiperda. 
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was grown on sterile wheat bran under controlled temperature conditions. 
For field applications the material was milled into a dry chalky powder. 
This powdered mixture of fungus and bran was considered "technical grade" 
material for field applications. The pure spores of the fungus from 
nutrient agar slants were used for laboratory tests. 
All needed quantities of Bacillus thuringiensis, for field and labora­
tory tests in Colombia, were provided by the Stauffer Chemical Company^ 
2 
and the Rohm and Haas Company . Both commercial preparations were formu­
lated as wettable powders with high spore concentration. 
Part of the laboratory work in Iowa called for toxicity tests with B. 
thuringiensis preparations of various types. For these tests a very high 
spore concentrate (2 x 10^ spores per gram), furnished by the Grain 
3 
Processing Corporation was used. 
According to the classification of de Barjac and Bonnefoi (1962), 
based on biochemical and serological reactions, the strain of B. 
thuringiens is used for these tests belongs to group I of the six groups 
in which they divide all B. thuringiensis strains. This group has been 
used in many insect pathology studies. 
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For the field tests pathogens were applied as dusts, aqueous suspen­
sions , and granules or "baitsThis last type of formulation consisted of 
a mixture of inoculum and wet wheat bran. In a few applications a small 
quantity of skim milk was added to the bait to facilitate sticking the 
spores to the wheat bran particles. 
The liquid formulations of the fungus J3. bassiana. were prepared in 
tap water following the procedure described by York (1958) and Revelo 
(1959). The finely ground spore-wheat bran mixture was suspended in water 
and then passed through a nylon cloth before it was poured into a small 
knapsack sprayer. This prevented clogging of the nozzels. When the appli­
cation was to be made as dust, the "technical grade" material was diluted 
to the proper concentration in talc. For granular preparations, the fungus 
was mixed with com meal because, as indicated by York (1958), the particle 
size approximated 30-60 mesh (U. S. Standard Sieve). 
The formulations of Bacillus thuringiensis were prepared for field use 
in the same manner as those for the fungus. However, these were simpler 
because of the availability of large amounts of commercially prepared 
material making laboratory culturing of the pathogen unnecessary. 
Applications to field plots of com were made with knapsack sprayers, 
small dusters, and by hand. In every case materials were prepared and 
applied individually to each plot to avoid possible errors in the 
concentration. 
During the research, special observations were made to detect any 
harmful effects to humans caused by any of the test pathogens. After more 
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people involved experienced the slightest symptoms of discomfort or sick­
ness that could be blamed on the pathogens. This confirms again the obser­
vation of Revelo (1959) and Steinhaus (1956). 
E. Laboratory Tests 
For laboratory experiments, both in Colombia and Iowa, single larvae 
were placed in glass vials similar to those used for rearing L. frugiperda. 
These were provided with screen caps (Fig. 5). The larval food consisted 
of European corn borer diet or small pieces of host plants, depending on 
the nature of the test. Pathogenicity tests of bacterial preparations were 
carried out through contact, oral, and intrahaemocoelie treatments. 
For contact treatments small pieces of filter paper were moistened 
with a measured amount of the pathogen under test and then placed in the 
vial, so that the larvae came in contact with the material. For tests of 
oral infection the inoculum was mixed with a measured quantity of food. 
Tuberculin syringes provided with microneedles, similar to those described 
by Brooks (1962), were used for intrahaemocoelic injections. Inoculum of 
known concentrations, suspended in distilled water, was injected through 
the integument of the larva's third or fourth body segment (Fig. 6). The 
same number of similarly handled larvae received only a distilled water 
treatment to act as a check in each test. 
Laboratory studies of selected physiological processes were carried 
out on Laphygma frugiperda. Determination of the rate of movement of food 
materials through the digestive tract required constant observation of 
larvae placed individually in cotton stoppered glass vials. Trypan blue 
Figure 5. Glass vials with screen caps of the type used for laboratory 
infection tests. In A larva crawls on infected paper, in B 
larva feeds on contaminated food. (Courtesy of Mr. A. 
Bonilla.) 
Figure 6. Intrahaemocoelie infection test. Note the technique of 
injection and the equipment employed. (Courtesy of 
Mr. A. Bonilla.) 
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readily colored the fecal secretions of larvae fed colored food. Two to 
three per cent aqueous solutions of the dye were mixed with small quanti­
ties of synthetic European corn borer diet. These were offered to the 
insects which were observed constantly. Dissections were then made at 
intervals to determine the time elapsed between feeding and the presence 
of the first colored fecal matter in the rectum and its ejection through 
the anus. Feeding habits of L. frugiperda of varying sizes and ages and 
fed several materials under different conditions were also studied. 
The hydrogen-ion concentrations in the main regions of the digestive 
tract and in the haemolymph of field collected and laboratory reared larvae 
of L. frugiperda and Ostrinia nubilalis were studied. A literature search 
disclosed that colorimetric systems, requiring the use of color indicators 
and standard buffer solutions, were quite popular until a few years ago. 
This system, described by Brown (1923), Fink (1925), Marshall (1939), and 
Sinha (1959) seemed less accurate or more cumbersome than the electronstrie 
method when large numbers of samples were to be processed in a short pos­
sible time. Electrometric pH determinations in insects are used exten­
sively today and are described by Grayson (1951, 1958) and Heimpel (1955b, 
1961). 
The determinations on L, frugiperda and 0. nubilalis were performed 
with a model G Beckman pH meter equipped with single drop open glass and 
calomel electrodes. For obtaining blood samples each larva was held on a 
paraffin plate by a pin through the head capsule and another through the 
posterior pseudopodium. A tuberculin syringe was used to remove the 
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haemocoel. The sample was placed directly into the cup of the electrode, 
the calomel electrode brought to contact, and the reading taken at once. 
This procedure- required only 10 to 15 seconds. 
Determinations of the pH in the digestive tract were obtained by 
exposing the entire tract through a dorso-longitudinal incision in the 
larval integument. The surface of the tract was washed with distilled 
water. Then the three divisions of the gut, namely fore, mid, and hind, 
were isolated by tying with a nylon thread. With forceps, scissors, tuber­
culin syringes, and scalpels, the contents of each of the regions was trans­
ferred to the pH meter for readings. If the gut contents were too thick, 
it was necessary to crush them for a few seconds with a small pestle on a 
porcelain spot plate, before placing them on the electrode. Care was taken 
to avoid prolonged exposure to the air and consequent pH change through 
oxidation. A series of samples were exposed to the air for as long as one 
minute but differences were not detectable when compared with readings 
taken from samples not exposed to the air. Only electrometric pH measure­
ments were recorded but colorimetric observations were made in order to 
detect electrometric observations of doubtful value due to poor contact 
with the electrodes. For colorimetric observations phenol red, phenol-
phthlein, methyl red, thymol blue, brotnocresol purple, foromophenol blue, 
chlorophenoi red, and cresol red were used in aqueous or ethyl alcoholic 
solutions of 0.02 to 0.04 per cent. 
To determine the effects of ultrasonic vibration and storage on patho-
genecity of Bacillus thuringiensis, laboratory tests were carried out on L. 
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sound, an aqueous suspension of 0.1 per cent concentration was prepared 
using the 200 billion spore per gram stock material. This suspension was 
subjected to ultrasonic vibration, 20,000 cycles per second, for about 60 
seconds using a model S-75 Bonifier^" and then refrigerated for 10 months 
before use in pathogenecity tests. 
Another sample of B. thuringiensis spore powder was treated with ultra­
violet rays by a General Electric 15 watt germicide lamp enclosed in a 
white painted wood cabinet. A platform, on which one to two grams of the 
material was evenly spread, was placed 25 cm. below the lamp. Samples of 
the bacterium were irradiated for different lengths of time and then 
refrigerated until needed. Pathogenecity tests were conducted using the 
irradiated material in distilled water suspensions. Radiant intensity at 
the focal distance of 25 cm. was not measured since similar work indicated 
(Smarda, 1960), that approximately 90 per cent of the rays had a wave 
o 
length of 2537 A at this distance. 
F. Materials and Techniques for Field Tests 
As previously mentioned, the field experiments were performed in 
Colombia. At the Tibaitata Agr. Exp. Sta., tests with black cutworms were 
carried out on plots planted to the improved variety of cabbage, "Wisconsin 
Old Seasons." At Tulio Ospina Agr. Exp. Sta., tests with the fall armyworm 
were made on corn plots planted with the varieties Diacol H 252 and Eto. 
At the Palmira Agr. Exp. Sta., tests were carried out on fall armyworms 
^Trademark of Branson Instruments, Incorporated, Stanford, Conn. 
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the host plant. To control the com stalk borers and the fall arayworms, 
field tests were carried out at Nataisa Agr. Exp. Sta. but the com plots 
were planted to Diacol H 151 and Venezuela 1. 
The field plots consisted of five to seven rows planted 92 cm. apart 
and were 10 meters long. Each plot was isolated from the next by an 
unplanted row. The plots were arranged in a randomized block design with 
not less than four replications. In all plantings agronomic recommenda­
tions of the Colombian Ministery of Agriculture were followed. 
Treatments were evaluated by recording missing and cut seedlings for 
Agrotis ipsilon and cavities for Diatraea saccharalis. In the case of 
Laphygma frugiperda tests, the numbers of dead or live larvae, and plants 
exhibiting whorl damage, were recorded. In all field experiments, yields of 
treated plots were compared to those of check plots. All data were statis­
tically evaluated by using the Analysis of Variance. 
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The results and evaluation of laboratory and field experiments will be 
presented in the order in which they were performed to facilitate their 
interpretation. 
A. Laboratory Tests in Colombia 
1. Bacillus thuringiensis 
A commercially produced preparation of Bacillus thuringiensis ~ was 
tested against fourth instar larvae of L. frugiperda by intrahaemocoelie 
injections, by contact, and by oral-contact treatments. The commercial 
9 
preparation contained approximately one billion (1 x 10 ) viable spores per 
gram, as indicated by standard bacteriological colony counts using carrot-
dextrose-agar (CDA) as the medium. With this information the tests were 
made using 0.5, 0.25, and 0.124 per cent aqueous suspensions of B. 
thuringiens is. For every tes t 80 larvae were treated and kept individually 
at room temperature for observation. Dosages, expressed in number of 
spores per larva and the results of the test are given in Table 1. 
Each injected larva received 0.05 cc. of one of the dilutions. Each 
larva in the oral-contact tests was offered measured quantities of food 
containing 0.5 cc. of the test bacterial suspension but, since no larva ate 
more than half of its supply before the pathogen stopped larval feeding 
activity, each larva actually consumed approximately half the spore 
•""Rohm and Haas Company, Philadelphia, Pennsylvania. 
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suspens ion was applied to each larva. 
Observations of larval inactivity, inappetence, or lack of normal 
tactile response were made at 24 hour intervals. These symptoms were used 
as criteria of the lethal effects of the pathogen because they were always 
followed by death of the insect within 24 to 48 hours. These data, 
expressed as percentages of "mortality" and corrected according to Abbott's 
formula (1925), are shown in Table 1. 
Table 1. Mortality of fourth instar Lanhvgaa frugiperda larvae when 
treated with Bacillus thuringiensis as an aqueous suspension. 
Twenty larvae per dosage. Colombia, 1959. 
Concen- Spores per Mortality after,5 
Treatment tration larva 24 hrs. 48 hrs. 72 hrs. 120 hrs. 
7.' 7. 7. % 7. 
Injection 
0. 125 62, 500 35. 00 84. 21 100. 00 100. 00 
0. 250 125 ; ,000 35. 00 78. 94 94. 73 100. 00 
0. 500 250. ,000 45. ,00 89. 47 100. ,00 100. 00 
Oral-contact^ 
.125 312. ,500 40. 00 50. 00 50. 00 77. 77 
0. 250 625 : ,000 35. 00 50. 00 60. ,00 72. ,22 
0, .500 1,250. ,000 45. 00 60. 00 75. ,00 94. 45 
Contact 
0. 125 312. ,500 0. ,00 0. 00 10. 52 11. ,11 
0. ,250 625 ; .000 0. ,00 5. 00 10. ,52 16. ,16 
0. 500 1,250, ,000 0. ,00 10. 00 15. 78 16. ,16 
^Corrected by Abbott's formula (1925). 
This series of laboratory tests, completed in September of 1959, showed 
that the pathogen was capable of killing L. frugiperda. The intrahaemo-
coelic treatment killed all larvae injected with the bacterium within 
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had opportunity to become infected by contacting treated food as well as by 
eating it, indicated that the bacterium quickly causes the larvae to stop 
feeding after eating a small quantity of the food supplied. 
Early in the research it was observed that infection by contact was 
the least effective method to start the disease cycle as can be seen in 
Table 1. These data show that contact treatments failed to kill the test 
larvae, while the oral-contact method resulted in high mortality. The low 
rate of mortality in the contact test is due to inability of the bacterium 
to penetrate the integument of L. frugiperda larvae. 
The results of these three tests against L. frugiperda showed that the 
concentrations of B. thuringiensis spores played only a minor role in the 
degree of mortality. Dead specimens from all treatments showed charac­
teristic post mortem changes. The larvae became dark colored and flaccid. 
The cadaver contained a fetid, thick fluid of disintegrated tissue. 
The results obtained in the tests with J$. thuringiensis on L. 
frugiperda larvae encouraged similar laboratory tests on Agrotis ipsilon 
larvae in 1960. The procedures and dosages were the same as those used 
on L. frugiperda. A summary of the results is presented in Table 2. 
In general these data show the same type of results obtained in the 
tests conducted upon Laphygma frugiperda. In the case of Agrotis iosilon, 
however, the bacterium acted slower and gave lower mortality with all 
three methods of treatment. 
Toward the end of 1960 Diatraea saccharalis, a new com pest in 
Colombia, was formally included in the list of insects on which research 
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with Bacillus thuringiens is as an aqueous suspension. Twenty 
larvae per dosage. Colombia, 1960. 
Concern- Spores per Mortality after.8 
Treatment tration larva 24 hrs. 48 hrs. 72 hrs. 120 hrs. 
% % % % % 
Injection 
0.125 62,500 15.00 42.10 82.35 68.75 
0.250 125,000 15.00 36.84 76.47 100.00 
0.500 250,000 20.00 57.89 88.23 93.75 
Oral-contact 
0.125 312,500 0.00 15.00 33.33 76.47 
0.250 625,000 0.00 20.00 33.33 70.58 
0.500 1,250,000 5.00 30.00 44.44 88.23 
Contact 
0.125 312,500 0.00 0.00 5.26 16.44 
0.250 625,000 0.00 0.00 5.26 11.11 
0.500 1,250,000 0.00 5.00 10.52 22.22 
^Corrected by Abbott's formula (1925). 
was being done in Colombia. Field collected larvae of D. saccharalis were 
tested for susceptibility to infections of Bacillus thuringiens is under 
laboratory conditions at the Palmira Agr. Exp. Sta. The tests were essen­
tially the same as those on Agrotis ipsilon and Laphygma frugiperda except 
that the bacterial suspensions utilized were reduced to 0.5, 0.05, and 
0.005 per cent. The data recorded from these tests are presented on 
Table 3. 
The results with the bacterium on D. saccharalis indicate that its 
effectiveness follows the same pattern found in Laphygma frugiperda. The 
main difference noted is the reduced mortality obtained from the oral-con­
tact method. This is probably due to the reduced dosage. 
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treated with Bacillus thuringiensis as aqueous suspensions. 
Twenty larvae per dosage. Colombia, 1960. 
Coneen- Spores per Mortality after,* 
Treatment tration larva 24 hrs. 48 hrs. 72 hrs. 120 hrs. 
% % % % % 
Injection 
0.005 2,500 80.00 90.00 95.00 100.00 
0.050 25,000 70.00 90.00 95.00 100.00 
0.500 250,000 85.00 95.00 100.00 100.00 
Oral-contact 
0.005 12,500 0.00 5.26 0.00 33.33 
0.050 125,000 0.00 21.05 27.77 33.33 
0.500 1,250,000 10.52 10.52 16.16 50.00 
Contact 
0.005 £,500 5.26 15.78 15.78 15.78 
0.050 125,000 10.52 26.31 27.77 27.77 
0.500 1,125,000 15.78 31.52 33.33 33.33 
^Corrected by Abbott's formula (1925). 
2. Beauveria bassiana 
Similar laboratory tests with the fungus pathogen, Beauveria bassiana, 
were carried out simultaneously with those utilizing Bacillus thuringiensis. 
A laboratory produced spore powder was used. Standard colony counts with 
this powder, on potato-dextrose-agar (PDA), indicated an average content of 
approximately 55 million (55 x 10*) spores per gram of material. 
The first trials with B. bassiana «ere on fourth instar larvae of 
Laphygma frugiperda, following techniques identical to those used with 
Bacillus thuringiensis. The results obtained are presented in Table 4. 
The mortality recorded for the three methods of infection differ somewhat 
from those obtained with the bacterial pathogen. Lower mortality was 
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treated with Beauveria bassiana as aqueous suspensions. 
Twenty larvae per dosage. Colombia, 1959. 
Concen­ Spores per Mortality after a 
Treatment tration larva 24 hrs. 48 hrs. 72 hrs. 120 hrs. 
% % % % % 
Injection 
0.125 3,437 15.00 40.00 61.11 82.35 
0.250 6,875 15.00 35.00 55.55 82.35 
0.500 13,750 25.00 50.00 72.22 94.11 
Oral-contact 
0.125 17,187 0.00 20.00 21.05 33.33 
0.250 34,375 0.00 15.00 26.31 44.44 
0.250 68,750 5.00 25.00 26.31 50.00 
Contact 
0.125 17,187 0.00 10.00 5.26 5.26 
0.250 34,375 0.00 10.00 5.26 21.05 
0.500 68,750 0.00 15.00 15.79 36.84 
^Corrected by Abbott's formula (1925). 
obtained by the oral-contact and injection methods and slightly better 
results afforded by contact. This indicates that the fungus is better 
able to penetrate the integument of L. frugiperda larvae than Bacillus 
thuringiensis. 
Observations during the test disclosed certain characteristics of the 
fungal infection. The termination of insect feeding, noted in B. 
thuringiensis tests; did not occur in fungus infections. In these larvae 
the feeding activity continued, diminishing progressively. 
Specimens killed by Beauveria bassiana differed from those killed by 
the bacterium. They appeared as mummified bodies with white mycelia on the 
cAwciiiaJt. oui.tacc• vxu utuwuco cvuxu eaouc uivnsu iuuu yxeveo uu 
expose a chalky mass of tightly packed spores and mycelium within a 
partially destroyed skin. 
The results obtained when the fungus was tested on Agrotis ipsilon 
were very promising. These indicated that the pathogen particularly 
caused infections upon contact with the insect's integument (Table 5). 
Table 5. Mortality of fourth instar Agrotis ipsilon larvae when treated 
with Beauveria bassiana as aqueous suspensions. Twenty larvae 






24 hrs. 48 hrs. 72 hrs. 120 hrs. 
Z Z z Z Z 
Injection 
0.125 3,437 50.00 77.77 100.00 100.00 
0.250 6,875 70.00 88.88 100.00 100.00 
0.500 13,750 75.00 94.44 100.00 100.00 
Oral-contact 
0.125 17,187 20.00 65.00 88.23 94.11 
0.250 34,375 15.00 40.00 64.70 88.23 
0.500 68,750 5.00 25.00 41.17 64.70 
Contact 
0.125 17,187 10.00 15.00 26.31 35.29 
0.250 34,375 0.00 5.00 21.05 35.29 
0.500 68,750 10.00 10.00 10.52 29.41 
a Corrected by Abbott's formula (1925). 
B. bassiana was not tested in the laboratory on D. saccharalis. 
B. Field Tests in 1959 
As soon as the laboratory evaluations showed that both pathogens held 
promise as microbial insecticides, plans were made for field trials in 1959 
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Stations. These locations were chosen because Laphygma frugiperda is an 
endemic corn insect pest at these stations. Essentially identical projects 
were initiated at both locations to test the bacterium, Bacillus thurin­
giensis , and the fungus, Beauveria bassiana, against L. frugiperda. 
Each pathogen was tested at two dosages in two formulations. One and 
2.0 kg. of technical grade material* per hectarea (2.47 acres) were applied 
as spray formulations, and 20.0 and 40.0 kg. of 5 per cent bait per 
hectarea were broadcast by hand. The spray formulations were applied with 
a hand sprayer in a proportion equivalent to 378 liters (100 US gallons) of 
aqueous suspension per hectarea. The four treatments of pathogenic mate­
rial were compared with 20.0 kg. of 5 per cent toxaphene bait per hectarea. 
Untreated plots were included as controls. The treatments were applied as 
described in the section on Materials and Methods. 
Applications of materials were made on October 24 and November 5 and 12 
at Palmira. The corn on these dates was germinating and 25 cm. and 50 cm. 
in height. At Tulio Ospina, treatments were made on October 29, November 21, 
and December 2, when com had germinated, was 25 cm. and 50 cm. tall. 
Plots were evaluated by counts of stand, damaged plants and dry weight 
of yield. These observations were made at Palmira on November 12 and 13, 
1959, and February 24, 1960. At Tulio Ospina data were taken on December 17 
and 18, 1959, and March 23 of 1960. These data are summarized in Table 6. 
-i 9 
Bacillus thuringiensis, 1 x 10 spores per gram formulation from 
Rohm & Haas Co. Beauveria bassiana, laboratory produced material on wheat 
bran having 2.5 x 10° spores per gram. 
Table 6. Results of microbial control of Laphvama fruglperda in field corn. Palmira, Colombia, 195$. 
Average per plot 
Treatment and dosage Stand Damaged plants Yield in Kg.* 
per hectarea Palmira T. Ospina Palmira T. Ospina Palmira X. Ospina 
Beauveria bassiana 
Spray 1.0 kg. 161.00 190.25 37.25** 3.29 15.96** 12.52 
2.0 kg. 156.75 196.00 50.00** 2.88* 14.85** 11.28 
Bait 20.0 kg. 164.50 192.50 39.25** 3.79 14.64* 10.52 
40.0 kg. 150.75 196.25 32.50** 3.05 14.83** 11.56 
Toxaphene 
Bait 20.0 kg. 169.75 200.00 34.75** 0.24** 17.84** 11.56 
TTnl"i*a a 4<a/1 149.00 202.25 69.50 3.36 12.68 10.95 unureaceci 
L.S.D. 0.01 N.S. N.S. 16.79 0.61 2.08 N.S. 
L.S.D. 0.05 12.14 0.32 1.50 
Bacillus thuringiensis 
Spray 1.0 194.75** 185.00 19.75** 3.58** 15.47** 9.60 
2.0 185.25* 165.25 25.00** 4.12*"* 14.55** 9.87 
Bait 20.0 193.50** 184.50 5.25** 2.39** 15.35** 9.93 
40.0 190.75** 182.25 2.25** 1.21** 15.06** 9.56 
Toxaphene 
Bait 20.0 192.00** 185.25 2.00** 0.14** 17.27** 10.45 
Untreated 171.50 185.25 94.75 7.60 12.29 9.16 
L.S.D. 0.01 17.41 N.S. 23.28 1.01 1.90 N.S. 
L.S.D. 0.05 12.59 6.83 0.56 1.43 
aYield from the three central rows of each plot. 
Significant to the 17. level of probability. 
'M 
Significant to the 5% level of probability. 
N.S. Not significant. 
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Tne natural inzes canon of com cy i,. frugiperca was very low ac iuno 
Ospina during the second half of 1959. This is reflected in the low infes­
tation observed in the check plots (Table 6). At Palmira, on the other 
hand, the field population permitted a better estimate of the degree of con­
trol afforded by the various treatments. In spite of this, yield did not 
reflect the degree of population reduction effected by the treatments. 
It is clear from the data (Table 6) that the bacterium is more effec­
tive under field conditions than the fungus. In examining the data from 
the two locations, it appears that the fungus controlled the larvae better 
at Palmira than at Tulio Ospina. This, however, may be largely due to the 
low insect population at Tulio Ospina. 
Of special interest is the effect of the formulations in which the 
bacterium was applied. The results indicate a definite advantage for the 
baits, when compared with the spray formulations, in both locations. It is 
even more significant in the light of the data showing that the fungus bait 
formulation did not show any advantage over the spray treatments. 
These data (Table 6) also show that the degree of protection provided 
by the micro-organisms is comparable to that afforded by the chemical insec­
ticide, toxaphene. 
The complete tabulation of the data summarized in Table 6 is included 
in the Appendix (Table 23). 
C. Field Tests in 1960 
The 1960 field tests were carried out at Palmira, Tulio Ospina, Nataima 
and Bogota Agr. Exp. Stations. The first field test was applied at Nataima 
(El Espinal) Agr. Exp. Sta., in a low hot valley along the Magdalena basin. 
r iocs piantea oy nana to umcoi n iji com on narcn ju, were / rows 
wide and 10 m. long. They were arranged in a randomized block design with 
four replications. In these experiments the pathogens were tested pri­
marily against Laphygma fruglperda but observations of their effect on 
Diatraea saccharalis were also made. The pathogen treated plots were in­
cluded in a test in which three formulations of Telodrin, a chemical insec­
ticide, were studied, along with toxaphene and a mixture of DDT and toxa­
phene. The pathogens Bacillus thuringiensis and Beauveria bassiana, were 
tested, as 5 per cent baits in wet wheat bran at the rate of 40.0 kg. per 
hectarea. The Telodrin was applied at the rate of 0.25 kg. of active mate­
rial per hectarea in all formulations. The toxaphene and DDT-toxaphene 
treatments were applied at the rate of 2.0 kg. and 0.5 and 1.0 kg. respec­
tively. All chemical insecticides were applied as sprays. 
The materials were applied four times on April 12 and 29 and June 13 
and 23. Observations were made only in the five central rows of each plot. 
Stand and plant injury were recorded on May 23. The per cent of reduction 
of cavities left by Diatraea saccharalis larvae in 10 randomly selected 
stalks per plot were recorded on July 22. The yield produced by the five 
central rows of each plot was recorded in kilograms of dry weight on 
July 21. A summary of the results obtained in this test are presented in 
Table 7. 
The effectiveness of Bacillus thuringiensis as a microbial insecticide 
again was excellent against L. fruglperda. The fungus gave no control what­
ever. This was later explained when tests showed that the virulence of the 
pathogen had been reduced by continuous laboratory culture. 
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against Laphvama fruglperda and Diatraea saccharalis. Nataima, 
Colombia, 1960. 
Average L. fruglperda D. saccharalis 
stand damaged cavity Yield per 
Treatment per plot plants reduction plot 
No. plants % % Kg. 
DDT-toxaphene 127. 5 15. 38** 29. 09 15. 95** 
B. thuringiensis 122. 5 4. 35** 33. 83* 14. 58** 
B. bassiana 119. 0 97. 22 0. 00 10. 05 
Telodrin* a 119. 8 7. 52** 67. 16** 17. 52** 
Telodrin b 121. 8 9. 50** 59. 65** 17. 82** 
Telodrin c 113. 0 4. 62** 53. 44** 15. 20** 
Toxaphene 114. 0 31. 90** 38. 40* 12. 92 
Untreated 126. 0 89. ,70 0. 00 10. 62 
L.S.D. 0.01 N.S 3. ,50 40. .28 3. 94 
L.S.D. 0.05 1. 90 29. 60 2. 89 
^Telodrin a, 15% commercial formulation from Shell Colombia S. A., 
Colombia. Telodrin b and c, 15% emuIsiflable concentrates prepared in the 
laboratory using a technical grade product, xylol and Sovicide SV 544 
(Solvent from Shell Colombia S. A.), respectively. 
**Signifleant to the 1% level of probability. 
•jf  
Significant to the 5% level of probability. 
N.S. Not significant. 
High environmental temperatures seemed to favor activity by the bac­
terium. This is shown by the reduction in plant damage by L. fruglperda 
(Table 7). There was an appreciable reduction in the number of cavities 
made by D. saccharalis, even though applications were not timed with the 
development of this insect to give best results. This interpretation seems 
47 
co oe supportée oy tne results m tne Telcarm plots, rne longer residual 
power of Telodrin reduced the cavities of D. saccharalis and increased the 
yield. 
There seemed a possibility that the wheat bran, on which the fungus 
and bacterium were formulated for field tests, was itself attractive to 
insect larvae. On April 11 of 1960 at Tulio Ospina Agr. Exp. S ta., at 
Medellfn, 8 row plots, 10 meters long, were planted with the hybrid corn 
Dicacol H 252. Seven treatments, including the check, were applied in a 
randomized block design, with four replications. One plot was treated with 
wet wheat bran at the rate of 40.0 kg. per hectarea. Two plots were treated 
with the same amount of wheat bran but containing 5 per cent of either 
bacterial or fungus spores. Telodrin and toxaphene were tested at dosages 
of 0.125 and 2.00 kg. of active ingredient per hectarea, respectively, in 
spray formulations. A 1:2 DDT-toxaphene mixture was included also at the 
rate of 0.5 and 1.0 kg. per hectarea, in spray applications. One plot in 
each replication was left untreated for comparison purposes. 
Applications were made on April 29, Hay 14 and 24. Counts of plants 
damaged by L. fruglperda were taken. After this, the stand was thinned to 
160 plants in the four central rows of each plot. On May 31 and June 10, 
readings on the total number of injured plants per plot were recorded. On 
September 9, the yield of the four central rows of each plot was recorded 
in kilograms of dry weight. The results of this test are summarized in 
Table 8. 
The results clearly show that wheat bran alone caused no reduction in 
the percentage of damaged plants. Damage in the plots treated with wheat 
Table 8. Plant damage and yields of corn in plots treated with microbial and chemical materials 
to control Laphvama fruglperda. Medellfn, Colombia, 1960. 
Pathogen or Damaged Damaged Damaged Yield per 
toxicant Formulation Dosage plants plants plants plot 
Kg. % % % Kg. 
None Wheat bran 40.00 15.84 49.84 37.18 20.93 
Bacillus thurinaiensis On wheat bran 40.00 9.41 1.87** 14.37 21.74 
Beauveria bassiana On wheat bran 40.00 16.90 46.40 38.59 21.39 
Toxaphene In water 2.00 4.50* 0.67** 4.69** 22.27 
None None Check 14.12 38.90 38.59 21.60 
L.S.D. 0.01 11.42 7.13 12.31 
L.S.D. 0.05 8.53 5.21 8.99 
*From the four central rows, expressed in dry weight. 
**Significant to the 1% level of probability. 
* 
Significant to the 57. level of probability. 
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clear indication that the "bait effect" is not due to any special 
property of the wheat bran, but to some unexplained factor. 
In this test, again, the failure of the fungus treatments was 
apparent. 
The bacterial formulation on wheat bran produced a significant reduc­
tion of damage, although the control was not as good as that obtained at 
Palmira and at Nataima (El Espinal) (Tables 6 and 7). Yields were not in­
creased by control of the insects since the pest population was not large 
enough to cause economic loss. 
Tests conducted with Bacillus thuringiensis in 1959 were repeated at 
Palmira in 1960. Due to its failure in previous tests at El Espinal and 
Medellfn, Beauveria bassiana was not included. Other procedures were 
essentially the same. The 5 row plots, 10 meters long were planted to the 
hybrid com Diacol H 205 on October 27 of 1960. The materials were applied 
on November 4 and November 16. Stand and damaged plant counts were made on 
November 23. On December 1 a second observation of plant damage was 
recorded. The number of cavities made by Diatraea saccharalis larvae was 
recorded from 20 randomly selected stalks per plot on March 2, 1961. The 
yield of the three central rows of each plot was measured in kilograms of 
dry weight on March 6, 1961. Table 9 contains a summary of the data from 
this test. 
The damage percentages shown in Table 9 were transformed, before the 
analysis of variance, using the arcsin transformation in order to obtain 
greater accuracy in the evaluations. 
Table 9. Plant damage and yield oi: corn in plots treated with Bacillus thuringiensis for control of 
Laphvama fruglperda and Diatraea saccharalis. Palmira, Colombia, 1960. 
Number oj: 
Damaged Damaged cavities 
Pathogen or Dosage per plants plants Yield per per 100 
toxicant Formulation hectarea Stand Nov. 23 Dec. 1 plot plants 
Kg. 1 No. plants % 7. Kg. 
B. thuringiensis Spray 1.00 82.75 16.67** 52.42 20.39 815.00 
B. thuringiensis Spray 2.00 84.75 39.70 44.07 19.88 496.25 
B. thuringiensis 57. on wheat bran 20.00 93.00 12.92** 54.00 21.92 546.25 
B. thuringiensis 5% on wheat bran 40.00 89.50 8.57** 53.37 19.25 496.25 
Toxaphene Spray 2.00 85.25 2.65** 33.05 19.84 372.50 
None None None 79.25 40.43 44.38 22.56 525.00 
L.S.D. 0.01 N.S. 8.28* N.S. N.S. N.S. 
L.S.D. 0.05 5.98* 
^Values calculated on basis of the arcsln transformation used for the analysis of the data. 
Significant to the 1% level of probability. 
N.S. Not significant. 
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ments gave a good reduction in plant damage with the treatments applied on 
November 23, except the higher spray application. These did not result in 
correspondingly greater yields, which did not differ significantly from 
the checks. This can be explained by comparing the plant damage figures 
for November 23 and December 1. These indicate that further treatments 
were needed to prevent damage after the residual effects of the materials 
were dissipated. 
Again it was evident that the bacterium formulated with wheat bran 
gave the best results. The spray formulations were not consistent. 
All materials failed to give control of Diatraea saccharalis as indi­
cated by the number of cavities calculated for 100 plants (Table 9). This 
failure was expected because applications were not made at the proper time 
to affect this borer. 
Another experiment carried out at Palmira in 1960 was designed to 
determine the value of Bacillus thuringiens is alone and in combination with 
toxaphene and aldrin against Laohygma fruglperda. The commercial_B. thurin-
9 
glensis spore powder (containing from 1 to 3 x 10 spores per gram) was 
applied at the rate of 2.0 kg. per hectarea in spray and as a 10 per cent 
wet wheat bran formulation» The bacterium was also applied as a 5 per cent 
dust, using talc as an inert carrier, at the rate of 30.0 kg. per hectarea. 
Toxaphene and aldrin in spray formulations were applied at 2.0 and 0.5 kg. 
to other plots. Mixtures of 1.0 kg. of commercial spore powder and 1.0 kg. 
of toxaphene, or 0.5 kg. of aldrin, were sprayed on the corn to test the 
possibility of synergism. Untreated plots were left for comparison purposes. 
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design with four replications were planted to Diacol H 205 on October 26, 
1960. Applications were made on November 9 and 23, and on December 7 of 
1960. Data were taken in the three central rows of each plot. A stand 
count was made on November 16, six days after the first application. Counts 
of plant damage were made on November 16, November 23, December 2, and 
December 18. Damage data, expressed as percentages of injured plants, were 
modified by the arc-sin transformation and then statistically evaluated. 
The data from this test are summarized in Table 10. 
An examination of these data (Table 10) show that B. thuringiensis 
controlled L. frugiperda reasonably well except in the dust form. The wet 
wheat bran formulation gave better control than either spray or dust but 
did not equal aldrin or toxaphene alone. The addition of B. thuringiens is 
spores to toxaphene or aldrin did not improve the results. 
Field observations during the course of the test indicated that bac­
terial applications gave protection of the plants for less than two weeks. 
It was not until the second half of 1960 that the opportunity came to 
test the bacterial pathogen against Agrotis ipsilon under field conditions 
on the cool Bogota plateau. At this time there was a high population of 
the insect in most of the fields at the Tibaitata Agr. Exp. Sta. Bacillus 
thuringiensis was applied at the rate of 2.0 kg. of a cossercial prepara­
tion (containing from 1 to 3 x 10 spores per gram) per hectarea. 
Methoxychlor was used for comparative purposes at the rate of 2.0 kg. per 
hectarea. These materials were sprayed three times to control the damage 
of A. ipsilon and some other common insect pests on cabbage. Plots 7 rows 
Table 10. Laphvama frugiperda damage In corn plots treated with microbial and chemical insecticides, 
applied singly and in mixture. Figures are average values from the three central rows of 
each plot. Palmira, Colombia, 1960. 
Pathogen or Dosage per Damage to plants 
toxicant Formulation hectarea Stand Nov. 16 Nov. 2 Dec. 2 Dec. 18 
Kg. No. plants % % % % 
B. thuringiensis Spray 2.00 74.00 32.67 46.15 44.00* 49.25* 
B. thuringiensis 107. on wheat bran 20.00 79.50 22.42 27.15 14.15** 20.35** 
B. thuringiensis 5% on talc. 30.00 88.50 19.27 45.79 67.13 55.25 
Toxaphene Spray 2.00 82.00 4.42** 37.52 14.00** 7.58** 
Aldrin Spray 0.50 83.25 6.57** 37.95 7.65** 6.68** 
Toxaphene-1)>. thurin­
giensis mixture Spray 1, 00-1.00 77.75 7.97* 39.27 29.90** 6.33** 
Aldrin-B. thurin­
giensis mixture Spray 0, 50-1.00 86.00 . 7.60* 44.95 22.90** 13.18** 
None None None 75.50 25.00 40.95 78.75 73.10 
L ,S.D.a 0.01 N.S. 15.38 N.S. 19.43 20.00 
L *S.D. 0.05 10.47 13.26 13.64 
aValuos for both probabilities are calculated on basis of transformed data. 
Significant to the 5% level of probability. 
Significant to the 1% level of probability. 
N.S. Not significant. 
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wXuc \i uui. ucLweea rows,» ana iu meters long were planted to tne improved 
variety of cabbage, Wisconsin Old Season, on October 14 of 1960. Plants 
were 50 cm. apart in the row. Applications of materials ware aade on 
October 28, November 14 and December 1. A stand count was taken on 
November 23. On January 2, 1961, the number of damaged plants was recorded, 
and on February 13 the number of harvested heads of cabbage and the weight 
of the yield, from the three central rows of each plot, were taken. The 
results obtained in this test are summarized in Table 11. 
Table 11. Control of Agrotis ipsilon with sprays containing Bacillus 
thuringiensis and methoxychlor at the Tibaitata Agr. Exp. 
S ta. Bogotaf, Colombia, 1960. 
Pathogen or Dosage per Stand per Damaged Harvested heads Yield of 
toxicant hectarea plot plants per 3 rows 3 rows 
Kg. No. plants % Number Kg. 
B. thuringiens is 2.00 134. 50 24. 23 53. 00 66. 25 
Methoxychlor 2.00 134. 25 18. 
I CM 54. 50 91. 75 
None None 130. 25 31. 42 51. 25 66. 50 
L.S.D. 0.01 N. S. 12. 42 N. S. N. S. 
L.S.D. 0.05 9. 13 
"icSc 
Significant to the 1% level of probability. 
N.S. Not significant. 
The results of this experiment (Table 11) indicate the failure of_B. 
thuringiens is in controlling the black cutworm. This failure against A. 
ipsilon was interpreted as a result of cool environmental temperatures and 
a physiological resistance of the insect. 
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With the experience accumulated from the various field tests in 1959 
and 1960, the 1961 tests were designed to investigate the role pj.ayed by 
timing and number of applications, with respect to the stage of development 
of the insect population. These studies were performed at Medellfn, 
Palmira, and El Espinal, to include the range of environmental conditions 
in Colombia. Laphygma fruglperda was selected as the most suitable insect 
species. 
Insecticide experiments had previously shown that application of 
chemicals must be made during the early stages of plant development in order 
to obtain good control of L. fruglperda, and usually, too, of the black cut­
worm Agrotis ipsilon. In order to determine if this was also true for 
Bacillus thuringiensis, plans were made to measure the damage of L. 
fruglperda and to record the number of young plants cut off by A. ipsilon. 
On April 10 the hybrid corn Diacol H 252 was planted. Plots were 
arranged in a randomized block design with four replications. The bacte­
rium, 3. thuringiensis, was tested at the rate of 2.0 kg. (containing from 1 
9 
to 3 x 10 spores per gram) of a commercial formulation per hectarea, in wet 
wheat bran preparations containing 5 and 10 per cent of the spores. Toxa­
phene applied in spray form at the rate of 2.0 kg. per hectarea was included 
for comparison purposes. Each concentration was applied at three of the 
following plant stages: Seedling stage, and when the plants were 10, 25, 
and 50 cm. tall. These stages occurred on April 18, and Hay 2, 15, and 
25. On May 5, three days after the date of the second application, counts 
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recorded. The summarized data of this test are given in Table 12. 
Table 12. Plant damage and cut plants in corn plots treated for control 
of Laphygma fruglperda and Agrotis ipsilon with Bacillus 
thuringiensis preparations. Medellfn, Colombia, 1961. 
Schedule of* 
Pathogen or Dosage per applications Damaged plants by 
toxicant hectarea I II Ill IV L. fruglperda A. ipsilon 
Kg. % % 
Toxaphene 2.00 X X 20.45** 3.59** 
Toxaphene 2.00 X X X 29.12** 12.10 
5% B. thuringiensis 40.00 X X X 29.47** 2.59** 
5% B. thuringiensis 40.00 X X X 55.35 12.32 
10% B. thuringiensis 20.00 X X X 30.95** 4.62** 
10% B. thuringiens is 20.00 X X X 66.82 11.24 
None None 62.22 12.66 
L. S.D. 0. 01 19.08 9.04 
- L. S.D. 0. 05 14.17 6.71 
*The Roman numerals correspond to the four application dates. An x 
indicates an application. 
^Significant to the 1% level of probability. 
N.S. Not significant. 
The data in Table 12 are not easy to interpret. The primary objective 
of the test was to determine the effect of an early first application and 
a delayed second treatment of the bacterial preparations. The statistical 
evaluation indicates an advantage for those treatments with early applica­
tions. Late applications, under the environmental conditions at Medelirn, 
aeern tu uc ui leaaet uapuciance kiu&u me etniy vue» j.u tuui.tuiij.uj me 
damage of L. fruglperda and A. Ipsilon. 
These data (Table 12) also indicate that 2.0 kg. of a commercial for­
mulation of B. thuringiens is mixed with 38 kg. of wet wheat bran give 
better control than the same amount of spore powder diluted in 18 kg. of 
wet wheat bran. 
Unexpected, to a certain extent, were the results obtained upon the 
black cutworm, A. ipsilon. The two early applications of the bacterium 
exerted a significant degree of control of this pest. These results con­
trast sharply with those obtained with the test at Tibaitata Agr. Exp. Sta. 
(Table 11), in which no control was obtained when the pathogen was tried 
against A. ipsilon. This therefore is evidence to support the suspicion 
that the insecticidal properties of the bacterium are dependent on the 
type of formulation and on environmental factors. 
Concurrent to the test at Medell^n, similar experiments were carried 
out at Palmira and El Espinal. The basic procedure was the same. However 
there was a total of five applications. The additional application was in­
cluded to determine its effect on early infestations of Diatraea saccha­
ralis and to see if more than one application was necessary to reduce the 
damage of this com stalk borer. 
On April 4, 1961, at the Palmira Agr. Exp. S ta., plots 5 rows wide and 
10 meters long were planted to the Sto Amarillo variety of corn in a ran­
domized block design with four replications. Bacillus thuringiensis for­
mulations were applied three and four times. Toxaphene, at the rate of 
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cation for the sequential schedule were April 11, 13, and 25, and May 4 
and 16 of 1961. 
On April 27, two days after the third application, a reading was 
taken on the number of living larvae found in 30 plants randomly selected 
from the three central rows of each plot. On May 3, one day before the 
fourth application and nine days after the third, counts were taken of the 
stand in the three central rows and the number of plants damaged. On May 
17, one day after the last application, plant damage again was recorded. 
On August 18, ten com stalks were randomly dissected in the three central 
rows of each plot and the total number of cavities caused by Diatraea 
saccharalis was recorded. The yield from the three central rows of each 
plot was measured in kilograms of dry grain on August 24. The pertinent 
data are summarized in Table 13. 
The test at Nataima (El Espinal) Agr. Exp. Sta. was like that at Pal­
mira. The plots were planted on March 20, 1961, with the com variety 
Diacol Venezuela 1. The dates of application for the time schedule pre­
sented in Table 14 were March 23 and 27, April 10 and 24, and May 5 of 
1961, which corresponded to seedling emergence, complete germination, and 
when the plants were 25, 50, and 100 cm. tall. 
On April 25, one day after the fourth application, stand and damaged 
plant counts were made. Nineteen days after the last application, on May 
24, stand and damaged plant counts were taken again. On June 21 the stand 
and the number of cavities caused by Diatraea saccharalis in 10 randomly 
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selected corn stalks from each plot, were recorded. Yield, in kilograms 
of dry grain was measured at harvest on July 4. The summary of these 
data is shown in Table 14. 
The data in Tables 13 and 14 indicate that timing of applications 
seems to be a primary factor for successful control of L. frugiperda. 
This interpretation is supported by the fact that plots receiving the 
early applications gave the best control in all cases. Treatment after 
the plants are about 50 cm. tall is unnecessary for the control of L. 
frugiperda. 
There were no differences in the yield, at Palmira, although control 
was significant when plant damage and cavities were considered. This was 
apparently due to a low, but uniformly dispersed, insect population in the 
field. At Nataima, yields were significantly greater from treated plots 
indicating a higher population of the pests. 
The data dealing with control of the com stalk borer, D. saccharalis, 
shows the effect of the insecticides tried at both Palmira and Nataima. 
The results at Palmira show that no control of D. saccharalis was obtained 
with the last application in the schedule. The number of cavities in the 
treated plants was not statistically different from those of the untreated 
plants. This indicates that the population of the borer began its build 
up after the residual effect of the materials was gone. At Nataima, on the 
other hand, the applications were effective in reducing the early Diatraea 
population. 
The bacterial treatments seemed to provide better results under the 
environmental conditions of Nataima at El Espinal. At both Palmira and 
Table 13. Résulta of two to four applications of Bacillus thuringiensis wheat bran granules for the 
control of Laphygma frugiperda and Diatraea saccharalin. Palmira, Colombia, 1961. 
Schedule of* Live Plants Damaged Damaged Cavities Yield 
Pathogen or Dosage per applications larvae in in 3 plants plants in 10 in 3 
toxicant hectare» I II Ill IV V 30 plants rows May 3 May 17 stalks rows 
Kg. Number Number 7. 7. Number Kg. 
Toxaphene 2.00 X X 11.50** 128.7 29.62** 24.57** 85.75 10.07 
Toxaphene 2.00 X X X 7.75** 129.0 15.05** 30.20** 91.25 11.43 
Toxaphene 2.00 X X X X 10.75** 127.7 13.57** 24.40** 57.00 11.96 
57. B. thuringiensis 40.00 X X X 47.00** 124.0 43.95** 18.42** 97.75 11.18 
5% B. thuringiensis 40.00 X X X 52.50** 118.7 38.12** 23.55** 75.75 12.49 
5% B. thuringiensis 40.00 X X X X 31.75** 122.5 36.52** 28.15** 83.00 11.73 
10% B. thuringiensis 20.00 X X X 52.00** 125.2 24.20** 36.87** 81.00 10.51 
107. B. thuringiensis 20.00 X X X 44.75** 126.7 42.55** 22.15** 91.50 10.76 
107. B. thuringiensis 20.00 X X X X 52.75** 119.7 36.30** 32.20** 74.00 10.96 
None None 102.50 124.2 84.25 78.80 80.25 10.31 
L. S.D. 0. 01 30.55 N.S. 19.85b 21.22 N.S. N.S. 
L. S.D. 0. 05 22.87 14.66 15.89 
aThe Roman numerals correspond to the five application dates. An x indicate» an application. 
Values for the 1 and 57. probabilities of significance were calculated on baoes of arcsin 
transformed data. 
Significant to the 17. probability. 
N.S, Not significant. 
Table 14. Results of two and four applications of Bacillus thuringiensis wheat bran granules for th 
control of Laphygma fruglperda and Diatraea saccharalis. Data are values per plot. 
Nataima (El Espinal), Colombia, 1961. 
Schedule of Plants Plants Plants Cavities Yield 
Pathogen or Dosage per applications per Damaged per Damaged per in 10 per 
toxicant hectarea I II XII IV V plot plants plot plants plot stalks plot 
Kg. Number % Number % Number Number Kg. 
Toxaphene 2.00 X X 132 33.18 130 99.00 124 272.75** 9.4* 
Toxaphene 2.00 X X X 113 32.77 114 25.30** 112 213.75** 10.8** 
Toxaphene 2.00 X X X X 109 37.62 106 12.10** 106 188.50*-* 11.8** 
5% Bacillus 
thuringiensis 40.00 X X X 126 20.09** 122 41.70** 117 277.50* 11.0** 
57. Bacillus 
thuringiensis 40.00 X X X 133 27.46** 133 23.60** 127 249.75** 10.8** 
57. Bacillus 
thuringiensis 40.00 X X X X 123 31.63 129 23.20** 120 243.00** 10.5** 
107. Bacillus 
thuringiensis 20.00 X X X 126 27.24** 126 30.40** 119 260.75** 11.3** 
107. Bacillus 
thuringiensis 20.00 X X X 133 29.94* 130 40.10** 117 226.25** 10.2** 
10% Bacillus 
thuringiensis 20.00 X X X X 127 31.82 125 10.30** 120 226.50** 12.2** 
None None 119 41.03 117 97.70 109 386.75 6.6 
L.S.D. 0.01 N.S. 13.23 N.S. 24.80 N.S. 120.78 3.49 
L.S.D. 0.05 9.90 18.56 90.42 2.61 
aThe Roman numerals correspond to the five application dates. An x indicates an application. 
** 
Significant to the 1% level of probability. 
*fc 
Significant to the 57. level of probability. 
N.S. Not significant. 
Nataima, the degree of control given by the bacterium was quite compa­
rable, and in some cases better, than the degree of control obtained 
with the chemical treatments. 
There seemed to be a little better control with the 5 per cent bacte­
rial formulation in wheat bran than with the 10 per cent. This slight 
advantage was probably due to better distribution of the microbe in the 
field with the lower concentration. 
The results suggest that two or three well timed treatments with the 
bacterial preparations are adequate to restrict the damage of Laphygma 
frugiperda to below economic levels. 
The last field test of the 1961 season in Colombia was designed to 
investigate more critically the effect of Bacillus thuringiensis treat­
ments against the com stalk borer, Diatraea saccharalis. This test was 
made at Palmira because the late infestations of Laphygma frugiperda do 
not overlap the early infestations of D. saccharalis. 
Plots 5 rows wide and 10 meters long, in a randomized block design 
with four replications, were planted with Diacol H 205 variety of corn on 
October 6 of 1961. Bacillus thuringiens is was applied at 2.0 kg. (commer-
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cial preparation containing from 1 to 3 x 10 spores per gram) per hectarea 
in two formulations: a 5 per cent wheat bran preparation and as a spray. 
Endrin spray was used as a standard, applied at 0.25 kg. per hectarea. 
Applications of each material were made on December 7 as tassels emerged, 
and December 19 at time of first silking. Before these applications all 
plots were chemically protected against the fall armyworni with a 5 per cent 
preparation of toxaphene in wheat bran. 
by D. saccharalis was recorded from 20 stalks randomly selected from the 
three central rows of each plot on February 28, 1962. The same day, the 
yield of the three central rows was measured in kilograms of dry grain. 
These yields were later converted to a perfect stand of 120 plants per 
plot. During the course of the experiment* observations of the field 
population of D. saccharalis on adjoining commercial corn plantations of 
the same age, and planted with the same varieties, showed that at the 
end of November less than five first or second instar larvae were present 
per 100 plants and that, by the middle of January, 1962, that number had 
increased to only 30 full grown larvae. 
Table 15. Control of Diatraea saccharalis with two applications of 
microbial or chemical insecticides. Palmira, Colombia, 1961. 
Treatment 
Dosage per Plants per Number of 





Kg. . Number Kg. Kg. 
5% B. thuringiensis 
on wheat bran 40.00 174.0 88.25 17.26 19.87 
B. thuringiensis 
in spray 2.00 170.2 90.00 17.06 20.13 
Endrin, spray 0.25 174.7 64.25 16.53 19.15 
Check, untreated 190.5 105.00 16.28 16.79 
L.S.D. 0.01 N.S. 57.47 N.S. N.S. 
L.S.D. 0.05 42.22 
^Calculated to 120 plants per plot. 
N.S. Not significant. 
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to control D. saccharalis. 
The data accumulated from two and one half years of laboratory and 
field work with Bacillus thuringiensis in Colombia indicated that further 
laboratory investigations were necessary to help understand the results 
obtained in the field. It was apparent that the results obtained in tests 
at some localities did not conform with results from others. For instance 
B. thuringiensis appeared to be very pathogenic to Laphygma frugiperda 
larvae under laboratory conditions at Bogota and under field conditions 
at Nataima (El Espinal). It was only partially effective under the field 
conditions of Medellin and Palmira. Apparently the interaction of environ­
mental factors of various regions affected the results. 
An analysis of the metereological records of the localities where 
field tests were made helped to delimit the core of most of the interacting 
factors but did not provide the complete answer. The pathogen was most 
effective in regions with the highest environmental temperatures. At 
Bogota the average temperature is 13.5°C., at Medellfn 22°, at Palmira 24°, 
and at El Espinal 28° (See Table 16). The pathogen gave the poorest field 
results at Bogota and was quite effective at El Espinal. 
Moisture seems to be of little importance in the degree of effective­
ness. Although at El Espinal the annual rainfall is higher (Table 16) than 
at the other localities, excellent results were obtained at Bogota under 
laboratory conditions. 
Interesting to note is the close correlation between altitude and the 
degree of effectiveness of the pathogen. At Bogota', located about 
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Agrotis ipsilon, while at Medellin, 1,000 meters lower than Bogota", it 
controlled the insect. The differences in altitude at Medellin, Palmira, 
and El Espinal are in proportion to the magnitude of control of Laphygma 
frugiperda at those locations. 
There is another unexplained factor in the data. The bacterium 
exhibits marked differences in degree of control of Laphygma frugiperda 
when used as spray, dust, and bait formulations. Considering the results 
in all of the field tests it appears that the factor, or factors, 
influencing the pathogenicity of Bacillus thuringiensis does not affect 
the micro-organism as much when it is applied as a bait. 
E. Laboratory Tests in Iowa 
With the background of laboratory and field data from Colombia, labo­
ratory tests were begun in the Department of Zoology and Entomology of the 
Iowa State University at Ames, Iowa, in 1962. The goal of this research 
was a better understanding of the effects of the pathogen Bacillus thurin­
giensis, on some physiological processes of com Lepidoptera to help 
explain some of the field results obtained in Colombia. Since both 
Laphygma frugiperda and Ostrinia nubilalis (the European com borer), could 
be reared for these tests they were chosen as test insects for these 
experiments. 
1. Hydrogen ion determinations 
Several researchers have reported that Bacillus thuringiensis first 
affects some Lepidoptera by altering the hydrogen ion concentration of the 
Table 16. Records of monthly rainfall and average temperatures at Bogota, Medellfn, Palmira, and 
El Espinal during 1961. Colombia. 
Rainfall Temperature in C. Rainfall Temperature in C. 
Month mm. Maximum Minimum Average mm. Maximum Minimum Average 
Bosotrf, 2 ,600 meters above sea level Medellin. 1 ,500 meters above the sea level 
January 8.0 20.1 5.1 12.6 43.0 28.9 14.2 21.5 
February 43.6 20.0 6.5 13.2 42.6 30.0 13.6 21.8 
March 65.4 20.9 6.1 13.5 86.5 29.0 14.9 22.0 
April 90.1 19.7 8.1 13.9 168.7 26.0 15.5 20.7 
May 68.1 19.7 7.6 13.7 174.1 28.0 16.1 22.0 
June 17.1 19.2 7.3 13.3 92.0 28.4 15.9 22.2 
July 72.9 10.8 6.4 12.6 109.0 28.7 14.4 21.5 
August 89.0 19.2 7.5 13.3 136.3 28.2 14.9 21.5 
September 58.4 19.0 7.5 13.2 112.7 28.2 15.3 21.7 
October 105.8 19.8 7.4 13.6 104.9 27.7 15.4 21.6 
November 37.8 20.0 7.3 13.7 94.9 26.4 14.6 20.5 
December 155.0 20.2 6.6 13.4 34.0 23.3 15.0 21.1 
Totals 811.2 1,198.7 
Averages 19.7 7.0 13.4 27.7 15.0 21.5 
Palmira. 1, 000 meters above the sea level El Espinal. 400 meters above sea level 
January 89.7 29.0 17.6 23.3 77.4 33.1 21.7 27.4 
February 117.1 28.8 17.7 23.3 110.1 33.6 21.5 27.5 
March 89.9 29.5 17.6 23.5 62.7 33.4 21.8 27.6 
April 126.7 28.4 17.8 23.1 362.0 31.7 21.7 26.7 
May 165.1 28.2 18.0 23.1 111.2 32.4 21.7 27.0 
June 76.5 28.7 17.6 23.2 203.3 32.3 21.0 26.6 
July 63.8 28.9 18.2 23.5 135.4 32.6 20.9 26.7 
August 29.7 29.7 17.7 23.7 145.8 34.3 21.6 27.9 
September 16.5 29.7 18.0 23.8 63.5 34.0 21.9 28.0 
October 143.8 28.1 17.9 23.0 210.2 32.5 21.9 27.2 
November 99.3 28.0 17.7 22.9 237.0 31.6 21.5 26.5 
December 96.3 29.0 17.7 23.3 94.6 32.7 21.8 27.2 
Totals 1,114.4 1,813.2 
Averages 28.8 17.8 23.3 32.8 21.5 27.2 
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Cameron, 1963). Hydrogen ion concentrations were not known in Laphyp™ 
frugiperda and Ostrinia nubilalis in either normal or Bacillus-treated 
larvae. Therefore determinations were first made on normal larvae. 
Determinations were made on both laboratory reared and field collected 
larvae of the two insect species. A Beckman Model G pH meter with calomel 
and single-drop glass electrodes was used. Readings of the haemolymph 
were carried out on samples removed from the haemocoel with a tuberculin 
syringe equipped with a 24 gauge needle. pH determinations of the diges­
tive canal were performed by exposing first the entire tract through a 
dorso-longitudinal incision and, then, tying fine nylon thread at the 
points of division of the fore, mid, and hind gut. The contents of each 
digestive region were individually removed and transferred to the pH meter. 
All pH readings were performed in the shortest possible time. 
Although the pH values (Table 17) are not constant from one specimen 
to the next, they tend to be grouped. The pH of the fore and mid gut, 
particularly in L. frugiperda, is more variable because the hydrogen ion 
concentration in the anterior regions of the digestive tract vary with the 
intake of food and the pH of the food material. For example, it was found 
that pH values from the fore gut from larvae of 0. nubilalis, feeding on 
the same corn plant show pS values resembling those of the portion of the 
plant on which they were feeding. Corn stalks had a mean pH value of 5.51, 
the shanks 5.86, and the sweet com kernels 6.88. In general the mid gut 
of larvae with empty stomachs or shortly after food intake is more alka­
line. This is true for both species, although it is more marked in L. 
Table 17. pH values in the haemolymph and digestive tract of Ostrinia nubilalis and Laphygma 
frugiperda from laboratory reared and field collected populations. Each group repre­
sents the values from 30 to 60 larvae. Ames, 1962. 
pH Values 
Haemolymph Fore Gut Mid Gut Hind Gut 



































































^Fourth and fifth stand for fourth and fifth instar larvae. 
jcruniperoa» uinercnces in pn vaiues oecween rourcn ana men ins car 
larvae, as well as among laboratory reared and field collected specimens, 
were within the ranges of variation for any group. 
To investigate the effect of Bacillus thuringiensis on the pH balance 
of the two insect species, 10 fourth instar larvae were placed individually 
in vials similar to those used for pathogenicity tests. Each larva was 
treated either by intrahaemocoelic injection or by feeding j$. thuringiens is 
preparations. The dosage given to each larva by injection was 5 x 10° 
spores diluted in 0.05 cc. of sterile distilled water. The same quantity 
was diluted in 0.10 cc. of water and mixed with food, for the feeding 
treatments. These amounts of inoculum were prepared by diluting a spore 
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powder containing 2 x 10 viable spores per gram with water. The dosage 
was purposely high in order to follow the pH changes as the insects died. 
A summary of the results is given in Table 18. 
The pH readings, made 20 to 30 hours after the treatments, indicate 
that the pathogen reduces the pH of the fore and mid gut but affects the 
pH of the haemolyaph and hind gut only slightly, if at all, prior to death. 
Fore gut pH changes seem to be more pronounced in L. frugiperda larvae 
than in 0. nubilalis larvae, but the reverse is true in the mid gut. 
Heimpel and Angus (1958) demonstrated that acute toxemia in the silk­
worm, Bombyx mori Linnaeus, induced by 3. thuringiensis treatments, 
resulted in a total paralysis and death after a change in the blood pH 
equal to 0.75 to 1.00 units. This seems to suggest that minor changes 
could cause sub-lethal effects. In the case of L. frugiperda and 0. 
nubilalis, only minor changes occurred in the haemolymph but those of the 
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rore ana una gut were quite consiaeraoie. uoservacions or similarly 
treated larvae showed mortality to occur within three to five days. 
Another test was designed to give progressive hydrogen ion determina­
tions along the main regions of the digestive tract in both insect species. 
Twenty, fourth instar L. frugiperda and 0. nubilalis larvae were used for 
each treatment. Each larva received 5 x 10^ spores either by injection or 
free feeding. Similar treatments of sterile distilled water only, were 
applied to equal numbers of larvae for comparison purposes. Injected 
larvae were provided with amounts of uncontaminated food immediately after 
the treatment. Only five insects were sampled from each original group 
during the three periods because considerable time was required for the 
four pH readings on each specimen. A summary of the results of this test 
is presented in Table 19. 
The data obtained indicate that noticeable pH changes occur in the 
fore and mid gut of both, L. frugiperda and 0. nubilalis, within the five 
hours after the treatment with B. thuringiensis. After 12 hours, the H 
ion concentration of injected larvae had leveled out, while those of the 
larvae fed the bacterium did not reach the same pH before 24 hours after 
the treatment. pH values for haemolymph and hind gut seem to be less 
affected by the pathogen. Additional observations on larvae dead from the 
infection showed a pH change to the alkaline side in the haesolyinph. This 
change occurred only after disintegrating tissue had permited leakage of 
the gut contents into the haemocoel. 
Researchers (Hannay, 1953; Hannay and Fitz-James, 1955; Angus, 1956a, 
1956b, 1959; Angus and Heimpel, 1959; Heimpel and Angus, 1960b) had shown 
Table 18. pH changes in the haemolymph and three main regions of the digestive tract of Laphygma 
frugiperda and Ostrinia nubilalis larvae, 20 to 30 hours after treatment with spores of 
Bacillus thuringiensis. Ames, 1963. 
Mean pH values 
0. nubilalis L. frugiperda 
Location Injection Feeding Injection Feeding 
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time of the sporulation is the most important toxic fraction of the bacte­
rium to some insects. To determine the place of the spore and the para-
spore in the pathogenicity of 15. thuringiensis to L. frugiperda several 
methods of pathogen manipulation were tried. 
In the first series of experiments an aqueous suspension containing 
approximately 333,000,000 spores and paraspores per cc. was prepared from 
the spore powder concentrate having 2 x 10iA spores per gram. This sus­
pension was subjected to an ultrasonic treatment of 20,000 cycles per 
second for one minute. It was then refrigerated for 10 months. Micro­
scopic examination showed that a one minute treatment ruptured the sporan­
gium of j$. thuringiensis, freeing the spores, and the crystalline para­
spores , within the suspension. A similar suspension refrigerated for one 
month, and a third prepared just prior to use, were tested on L. frugiperda 
larvae. The latter two were not subjected to ultrasonic vibrations. The 
suspensions were refrigerated to determine if such storage would cause cell 
lysis or other changes which would affect the pathogenicity of the microbe 
for L. frugiperda larvae. Twenty, fourth instar larvae of L. frugiperda, 
were individually treated and kept in vials at room temperature. Each 
larva received 5 x 10^ spores either by injection into the haemocoel or by 
mixing the bacterium with food. A treatment of sterile distilled water 
was also included as a control. Observations were made at intervals after 
the treatments. Counts were made of larvae showing symptoms of patho­
genicity such as cessation of feeding, lack of tactile response, and 
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Tame iy. progressive pii changes in the haesolymph and digestive tract 
of fourth instar larvae of Laphygma frugiperda and Ostrinia 
nubilalis treated with Bacillus thuringiensis preparations. 
Iowa, 1963. 
Injection Feeding Untreated 
Bacterium Dist. water Bacterium Dist. water 
L. frugiperda 
Haemolymph 
At 6 hours 6.41 6.48 6.39 6.47 6.56 
At 12 hours 6.39 6.53 6.48 6.49 
At 24 hours 6.49 6.50 6.46 6.49 
Fore gut 
At 6 hours 7.23 8.08 8.08 8.10 7.89 
At 12 hours 6.63 7.94 7.68 7.88 
At 24 hours 7.00 7.69 7.15 8.02 
Mid gut 
At 6 hours 6.49 8.61 8.21 8.59 8.71 
At 12 hours 6.51 8.21 7.85 8.36 
At 24 hours 6.81 8.11 7.39 8.43 
Hind gut 
At 6 hours 6.69 7.00 7.06 7.03 6.90 
At 12 hours 6.54 7.10 6.90 7.01 
At 24 hours 6.80 6.86 6.69 6.93 
0. nubilalis 
Haemolymph 
At 6 hours 6.31 6.49 6.43 6.52 6.49 
At 12 hours 6.40 6.39 6.38 6.48 
At 24 hours 6.37 6.50 6.45 6.47 
Fore gut 
At 6 hours 6.98 7.21 7.04 7.12 7.46 
At 12 hours 5.70 7.20 6.80 7.11 
At 24 hours 6.81 7.01 6.73 6.99 
Mid gut 
At 6 hours 7.12 7.43 /.45 / .43 7.8v 
At 12 hours 6.82 7.51 7.11 7.63 
At 24 hours 6.81 7.42 6.83 7.25 
Hind gut 
At 6 hours 6.69 6.80 6.SJ 6.i l  6.83 
At 12 hours 6.70 6.78 6.73 6.80 
At 24 hours 6.58 6.65 6.76 6.79 
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(1925) and the results are recorded in Table 20. 
Table 20. Percentages of Laphygma frugiperda larvae showing symptoms of 
pathogenicity at intervals following treatment with prepara­
tions of Bacillus thuringiensis. Twenty larvae per treatment. 
Ames, Iowa, 1963. 
Larvae showing symptoms after, 
Treatment 6 hrs. 12 hrs. 24 hrs. 48 hrs. 
% % % % 
Ultrasonic vibration, 10 months 
storage 
Injection 90.00 100.00 100.00 100.00 
Feeding 25.00 70.00 80.00 100.00 
One month storage 
Injection 85.00 100.00 100.00 100.00 
Feeding 30.00 60.00 85.00 100.00 
Fresh preparation 
Injection 40.00 65.00 100.00 100.00 
Feeding 0.00 35.00 65.00 80.00 
Sterile distilled water 
Injection 0.00 0.00 5.00 10.00 
Feeding 0.00 0.00 0.00 0.00 
These tests (Table 20) indicate an increased pathogenicity of the 
bacterium when it is stored. This is shown by the speed with which symp­
toms appeared in the various treatments. The ultrasonic treatment 
apparently did not affect the pathogenicity of the bacterium. 
Since pathogenicity was enhanced, it was reasoned that perhaps a 
toxic factor had been produced by the bacterial suspensions in refrig­
erated storage. Therefore samples of both aged bacterial suspensions, 
used in the previous tests, were centrifugea for 30 minutes at 48,000 
r.p.m. in a Type NSE Servall angle centrifuge. From each, a sample of 
the supernatant was carefully removed. These samples were fed to fourth 
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the same proportions as in the previous test. Observations were made at 
24 hour intervals, pupal counts were made 10 days after the treatments. 
A summary of the test results is included in Table 21. 
Table 21. Results of feeding fourth instar Laphygma frugiperda larvae the 
complete suspension or the centrifuged supernatant of stored 
Bacillus thuringiensis• Twenty larvae per treatment. 
Ames, Iowa, 1963. 
Larvae showing symptoms after, Pupation at 
Treatment 24 hrs. 48 hrs. 72 hrs. 10 days 
% % % % 
Ultrasonic vibration, 
10 months storage 
Complete suspension 65.00 90.00 100.00 0.00 
Supernatant 0.00 5.00 10.00 80.00 
One month storage 
Complete suspension 55.00 85.00 100.00 5.00 
Supernatant 0.00 0.00 5.00 85.00 
Sterile distilled water 0.00 0.00 0.00 100.00 
Centrifugation separated the toxic principle in the bacterial suspen­
sion. Larvae fed the supernatant continued to grow and pupated in 10 days, 
while larvae fed the complete suspension died before pupation. 
Yamvrias (1962) reported tests dealing with the effects of ultra­
violet rays on the pathogenicity of J$. thuringiens is to Anagasta 
kuhniella larvae. His report indicated a definite reduction in patho­
genicity when spores were subjected to ultraviolet radiation. Since ultra­
violet rays reaching the earth vary according to altitude, this could be 
an explanation for variable field results in Colombia. Therefore 
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violet irradiated EL thuringiensis spores and paraspores on L. frugiperda 
larvae. 
A. B. thuringiensis preparation (2 x 10^ spores per gram) was 
treated with ultraviolet light for 24, 48, and 72 hours, and then used 
to prepare a suspension containing 1 x 10^ spores per cubic centimeter. 
From these suspensions, and from a similar one of non-irradiated Bacillus, 
0.10 cc. samples were taken and mixed with laboratory com borer diet 
and then offered to L. frugiperda larvae. The actual dosage given to each 
specimen was approximately 5 x 10^ spores. A treatment of sterile dis­
tilled water was included for comparison purposes. Two groups of 25 fourth 
instar fall armyworm larvae were used for each treatment. One group from 
each treatment was held for observation in the laboratory at 21°C., while 
the other was placed in a greenhouse with an average temperature of 32°C. 
Observations were made of the feeding activity, disease symptoms, pupa­
tion, and emergence of adults. The data, corrected by Abbotts' formula 
(1925), are expressed in percentages (Table 22). 
The results show the profound effect of ultraviolet radiation upon 
the bacterium. Although with a 24 hour treatment the ability of the 
microbe to cause disease was not completely destroyed, an exposure of 48 
hours greatly reduced the effectiveness of the pathogen and 72 hours 
eliminated the pathogenic effects. 
There also appears to be a temperature effect on the development of 
pathogenesis. At 32°C. the pathogen is more effective and more rapid in 
Table 22. The effect of ultraviolet rays on the pathogenicity of Bacillus thuringiensis to fourth 
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aCounts made 18 days after the treatment. 
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more rapid growth of the bacterium, or both. 
Culturing the various bacterial suspensions used in the treatments 
helps explain the results. Plates, of B. thuringiensis receiving no U.V. 
radiation, were completely covered with B. thuringiensis colonies in eight 
hours. The same dilutions of 24, 48, and 72 hour irradiated B. thurin­
giensis , when plated, showed a progressive reduction in colony growth, 
with the latter cultures showing essentially no viable spores. The ultra­
violet rays had "killed" the spores. i 
The effect of U.V. irradiation is pictorially illustrated in Figure 
7. These are the aqueous suspensions of irradiated J$. thuringiens is 
compared with one of non-irradiated spores. They have been held at room 
temperature for two weeks. The 72 hours irradiated spores are not viable 
and the supernatant liquid is nearly clear. The suspensions of 48 hour 
and 24 hour irradiated bacterium show a progressively more turbid super­
natant . All of the spores germinated in the non-irradiated spore suspen­
sion, causing considerable turbidity. 
An analysis of the data from the laboratory tests carried out in Iowa 
helps explain some of the results obtained in the series of field trials, 
performed with Bacillus thuringiensis, under tropical conditions. 
In the tropics the sun's rays strike the earth more directly than any-
other part of the planet. The amount of ultraviolet light and other cosmic 
rays are also of greater magnitude, and proportional to the altitude. At 
Bogota, with an altitude of 2,600 meters (about 8,500 feet), ultraviolet 
Figure 7. Aqueous suspensions of Bacillus thuringiensis prepared with irradiated and non-irradiated 
spores. Note gradation in turbidity. 
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times lower than Bogota and protected by a layer of more than 1.5 miles 
of air, water vapor, and heavy gasses. 
When considering the control of Agrotis ipsilon and Laphygma 
frugiperda larvae obtained at Tibaitata, Medellxn, and the other Agr. Exp. 
Stations where field research was conducted in Colombia, one can hardly 
overlook the apparent correlation between the decrease in the amount of 
ultraviolet radiation at lower elevations and the increase in insect con­
trol afforded by similar treatments of Bacillus thuringiensis. The good 
results obtained in the laboratory tests at Bogoti are not inconsistent 
with poor field results at that altitude because in the laboratory the 
bacterium would not be exposed to solar influence. 
Also from these results it appears that Laphygma frugiperda belongs 
to the same group of insects in which Anagasta kuhniella is included, 
which differs from the majority of insect species susceptible to Bacillus 
thuringiensis in the apparent need of both the parasporal bodies and the 
unharmed spores, for the pathogen to be able to initiate the lethal cycle. 
Laphygma frugiperda larvae offered food treated with irradiated Bacillus 
spores did not cease feeding within 15 minutes after the ingestion of the 
pathogen, as did similar larvae fed bacterial suspensions from spores not 
treated with U.V. rays. Thus, the crystals alone were incapable of 
paralysing the digestive tract. 
Hypothesizing further, it is possible that the bacterial formulations 
on wet wheat bran were more effective than sprays partly due to the 
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formulations. 
Another partial explanation of the superiority of wheat bran bacte­
rial formulations may be found in the results of the laboratory tests in 
which aged and newly prepared bacterial suspensions were tested (Table 20). 
The stored suspensions gave better results than the fresh preparations, 
perhaps due to bacterial growth activity. For the field tests in Colombia, 
the wheat bran formulations were prepared at least 24 hours in advance. 
With proper moisture, nutritious substrate, and favorable temperature, 
the bacterial spores began the growth process, while sprays were mixed 
and applied immediately. 
Evidence for a temperature interaction was also found in one of the 
laboratory experiments (Table 22). B. thuringiensis suspensions at 32°C. 
gave faster and higher rates of kill of L. frugiperda larvae, in compari­
son with similar treatments at 21° C. 
In summarizing the interpretations of the Iowa laboratory tests, 
ultraviolet radiation, temperature, and formulation appear to interact 
to influence the results obtained under field conditions in Colombia. 
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The bacterium, Bacillus thuringiensis, proved capable of killing the 
fall army-worm, Laphygaa frugiperda, the sugar cane and corn stalk borer, 
Diatraea saccharalis, the black cutworm, Agrotis ipsilon, and the 
European com borer, Ostrinia nubilalis, in laboratory and field tests 
under tropical conditions. 
It appears to be a potential alternative to field applications of 
chemical insecticides. 
Laboratory injection and feeding of 3. thur ingiens is to 0. nubilalis 
and L. frugiperda lowered the pH of the fore and mid gut as much as 1.5 pH 
units. The changes occurred within 6 hours, when the material was in­
jected, and within 24 hours when the larva ate the microbe. Changes in 
the hydrogen ion concentration of the hind gut and haemolymph were 
negligible until death occurred, when the haemolymph became alkaline. 
Distilled water suspensions of B. thuringiensis stored in the refrig­
erator for 10 months and one month caused symptoms of pathogenicity in L. 
frugiperda larvae faster and to a greater degree than freshly prepared 
suspensions. 
Ultraviolet rays on a thin layer of spore powder for 24 hours, at a 
focal distance of 25 cm. from a 30 watt General Electric germicide lamp, 
reduced the ability of _B. thuringiens is to cause disease in L. frugiperda 
larvae. However, 48 and 72 hours of irradiation essentially eliminated 
the pathogenicity by affecting the ability of the spore to germinate. 
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of B. thuringiensis are necessary to kill L. frugiperda larvae. 
Higher temperatures increase the ability of B. thuringiensis to cause 
pathogenicity in L. frugiperda. At 32°C. the pathogen is more effective 
and rapid in its action than at 2I°C. in the laboratory. 
Spray and dust formulations of B. thuringiensis were inferior to wet 
wheat bran formulations in control of insects in tropical fields. This 
may be partially due to the greater accessibility of the bacterial spores 
to ultraviolet radiation when in spray or dust form. The wheat bran at 
least partially shields the spores. 
The better control of com insects under tropical conditions at low 
altitudes is probably due to lower ultraviolet irradiation and higher 
temperatures than that of higher altitudes. 
Field applications of B. thuringiensis preparations must be carefully 
correlated in time with the insect population to be controlled. Effective 
B. thuringiensis residues are of short duration. 
The fungus, Beauveria bassiana, is very pathogenic for several lepi-
dopterous com insects. However the results obtained with this microbe 
are too variable and subject to conditions of the environment to provide 
a substitute for chemical insecticides. 
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The bacterium Bacillus thuringiensis Berliner and the fungus Beauveria 
bassiana (Balsamo) Vuillemin were tested for the first time in Colombia, in 
1959, against Laphygma frugiperda (Smith) and Agrotis ipsilon (Bufnsgel). 
In 1960, the bacterium only, was tried against Diatraea saccharalis 
Fabricius. These are three of the major corn insect pests in Colombia. 
Laboratory studies on the digestive physiological process on labora­
tory reared and field collected larvae of L. frugiperda and Ostrinia 
nubilalis (Hûbner), in connection with the pathogenic effects of _3. thurin­
giensis , disclosed that intrahaemocoelie or oral treatments lower the pH 
of the fore and aid gut as much as 1.5 pH units within six hours by 
injecting the material, and within 24 hours when the larva ingested the 
pathogen. Hydrogen ion changes in the hind gut and haemolymph were negli­
gible until death occurred, when the blood became more alkaline and thick. 
Aged aqueous suspensions of B. thuringiensis (refrigerated one month 
or more) caused lethal symptoms in L. frugiperda larvae to a greater 
extent and faster than fresh suspensions. 
Ultraviolet rays on a thin layer of spore powder of B. thuringiens is, 
at a focal distance of 25 cm. from a 30 watt germicide lamp for 24 hours 
reduced the pathogenic abilities of the bacterium, when tested in aqueous 
suspensions upon L. frugiperda larvae. Exposures of 48 and 72 hours to 
U.V. rays resulted in a virtual destruction of the pathogenicity and 
total destruction of the spore growth. This indicates that both, the 
parasporal bodies and the unharmed spores of B. thuringiens is must be 
present to kill L. frugiperda larvae. 
cause pathogenic effects when L. frugiperda larvae are orally treated. 
The effectiveness of 3. thuringiensis against L. frugiperda larvae, 
as disclosed by laboratory and field tests in Colombia and Iowa, seems to 
be dependent on high environmental temperatures, minimum exposure to ultra­
violet radiation, applications timed with the initial population of the 
insect under its own habitat, and on the type of the bacterial formula­
tions applied. Rainfall seems to have little effect on the results with 
the microbe. These ecological conditions were met in Colombia in locali­
ties of low altitude above sea level, where the mean temperature is about 
28°C. and the U.V. rays and other cosmic radiation is at minimum. At 
localities of 2,600 meters above sea level, the pathogen was relatively 
ineffective for field treatments in insect control. 
Treatments in spray or dust formulations were less effective than 
the bacterial formulations in wet wheat bran, presumably because they are 
more affected by solar radiation. The bran particles apparently provide a 
partial shield for the spores. 
1$. thuringiens is controlled L. frugiperda larvae as well as chemical 
insecticides currently recommended in Colombia in some areas. It also 
gave promising results against Agrotis ipsilon and Diatraea saccharalis. 
Three timed applications at the rate of 40.0 kg. of a 5 per cent wheat 
bran formulation per hectarea, prepared with a commercial concentrate 
9 
containing from 1 to 3 x 10 viable spores per gram, gave good results 
against L. frugiperda and A. ipsilon. Partial control of D. saccharalis 
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was attained witn one or two applications. More rrequenc applications ana 
better timing of the treatments may improve these results. 
The fungus Seauveria bassiana although very promising in the labora­
tory, was unreliable in the field. It is affected by environmental fac­
tors to a greater extent than Bacillus thuringiensis. 
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APPENDIX 
Table 23. Microbial control of Laphygma frugiperda. Original data for Table 6. Palmira-Medellfn, 
Colombia, 1959. 
Replicates Replicates 
Treatment» I II III IV Totals I II III IV Total! 
Stand at Palmira Stand at Medellfn 
Beauveria bassiana 
Spray 1.0 kg. 137 164 169 174 644 197 198 170 196 761 
Spray 2.0 kg. 137 124 182 184 627 178 198 210 198 784 
Bait 20.0 kg. 151 143 175 189 658 152 210 202 206 770 
Bait 40.0 kg. 154 151 131 167 603 196 165 220 204 785 
Toxaphene 
Bait 20.0 kg. 153 145 191 190 679 200 214 194 196 804 
Untreated 148 127 150 171 596 199 207 195 208 809 
Totals 880 854 998 1 ,075 1,124 1,192 1,191 1 ,208 
o 
Damaged plants per plot, Palmira Damaged plants per plot, Medellfn 
Beauveria bassiana 
Spray 1.0 kg. 39 35 37 38 149 6 10 3 6 25 
Spray 2.0 kg. 55 47 46 52 200 3 4 12 3 22 
Bait 20.0 kg. 40 26 41 50 157 4 13 8 4 29 
Bait 40.0 kg. 27 24 28 51 130 4 8 7 4 23 
Toxaphene 
0 Bait 20.0 kg. 14 35 45 45 139 1 1 0 2 
Untreated 67 56 72 83 278 8 8 4 7 27 
Totals 242 223 269 319 26 44 34 24 
Table 23 (continued) 
Treatments 
Replicates 
II III IV Totals 
Replicates 
II III IV Totals 
Yield per plot, Palmira Yield per plot, Medellfn 
Beauveria bassiana 
Spray 1.0 kg. 14.27 16.75 15. 98 16.82 63.82 14.81 11.76 12. 13 10. 60 49. 30 
Spray 2.0 kg. 15.01 14.80 14. 71 14.88 59.40 12.13 11.05 8. 19 13. 75 45. 12 
Bait 20.0 kg. 14.00 13.55 14. 90 16.09 58.54 7.71 10.95 10. 33 13. 09 42. 08 
Bait 40.0 kg. 15.17 14.57 14. 82 14.77 59.33 13.44 11.39 12. 04 9. 36 46. 23 
Toxaphene 
Bait 20.0 kg. 19.09 16.43 17. 79 18.05 71.36 13.52 11.69 9. 51 11. 53 46. 25 
Untreated 10.87 11.47 13. 91 14.47 50.72 12.87 8.51 14. 26 8. 18 43. 82 
Totals 88.41 87.57 92. 11 95.08 74.48 65.35 66. 46 66. 51 M O 
M 
Stand at Palmira Stand at Medellfn 
Bacillus thuringiensis 
Spray 1.0 kg. 204 177 200 198 779 177 189 179 197 742 
Spray 2.0 kg. 205 177 181 178 741 185 103 188 185 661 
Bait 20.0 kg. 190 191 192 201 774 174 196 175 193 738 
Bait 40.0 kg. 192 186 186 199 763 168 193 178 190 729 
Toxaphene 
186 711 Bait 20.0 kg. 194 186 194 194 768 167 181 177 
Untreated 170 181 169 166 686 153 204 185 199 741 
Totals 1,155 1,098 1,122 1,136 1,024 1,066 1,082 1,150 
Table 23 (continued) 
Replicates Replicates 
Treatments I II III IV Totals ~I II III IV Totals 
Damaged plants per plot, Palmira Damaged plants per plot, Medellin 
Bacillus thuringiensia 
Spray 1.0 kg. 15 34 14 16 79 9 8 5 4 26 
Spray 2.0 kg. 20 25 43 12 100 6 5 9 6 26 
Bait 20.0 kg. 6 7 6 2 21 8 1 6 2 17 
Bait 40.0 kg. 1 4 3 1 9 1 0 2 6 9 
Toxaphene 
Bait 20.0 kg. 1 4 3 0 8 0 0 1 0 1 
Untreated 116 70 110 83 379 15 17 13 10 55 
Totals 159 144 179 114 39 31 36 28 
g 
ill 
Yield per plot, Palmira Yield per plot, Medellin 
Bacillus thuringiensis 
Spray 1.0 kg. 14.74 14.41 17. 47 15.24 61. 86 10.78 8.70 11.86 7.05 38. 39 
Spray 2.0 kg. 13.69 15.36 14. 26 14.89 58. 20 10.07 8.45 11.59 9.37 39. 48 
Bait 20.0 kg. 15.19 14.33 14. 93 16.93 61. 38 8.43 10.20 10.86 10.24 39. 73 
Bait 40.0 kg. 15.26 14.54 14. 98 15.45 60. 23 9.41 10.58 8.48 5.76 34. 24 
Toxaphene 
Bait 20.0 ig. 17.26 17.49 18. 27 16.09 69. 11 13.61 10.27 10.42 7.49 41. 79 
Untreated 12.47 11.65 13. 55 11.50 49. 17 10.55 8.13 11.77 6.21 36. 66 
Totals 88.61 87.78 93. 46 90.10 62.85 56.33 64.99 46.12 
Table 24. Control of Laphygma frugiperda and Diatraea saccharallo with microbial and chemical insec 
ticides. Original data for Table 7. El Espinal, Colombia, 1960. 
Treatments and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
Stand per plot Damaged plants per plot 
DDT-toxaphene 0. 5-1.00 139 131 130 110 510 36 19 17 8 80 
5% B. thuringiensia 40.00 130 125 119 116 490 7 ? L 1 12 21 
5% B. bassiana 40.00 120 132 114 110 476 118 129 108 108 463 
Telodrin a 0.25 121 120 120 118 479 7 13 5 11 36 
Telodrin b 0.25 134 124 120 109 487 19 19 8 2 48 
Telodrin c 0.25 126 149 90 87 452 6 7 6 2 21 
Toxaphene 2.00 122 111 128 96 457 55 44 35 15 149 
Untreated 120 142 130 113 505 110 126 125 93 454 
Totals 1,012 1,034 951 859 358 358 305 251 
Diatraea cavities in 10 talks Yield in kg. of dry weight per pi 
DDT-toxaphene 0. 5-1.00 109 117 73 135 434 13.1 17.9 16.0 16.8 63.8 
57. B. thur ingiens is 40.00 126 110 67 102 405 13.1 14.5 15.5 15.2 58.3 
5% B. bassiana 40.00 183 91 216 209 699 8.7 11.7 9.8 10.0 40.2 
Telodrin a 0.25 59 51 51 40 201 15.9 16.4 19.8 17.2 69.3 
Telodrin b 0.25 60 63 44 80 247 21.5 17.3 19.0 13.5 71.3 
Telodrin c 0.25 32 56 65 132 285 16.2 16.1 13.7 14.8 60.8 
Toxaphene 2.00 134 76 81 88 379 15.4 13.8 13.1 9.4 51.7 
Untreated 181 119 169 143 612 11.1 9.2 12.1 10.1 42.5 
Totals 884 683 766 929 115.0 116.9 119.0 107.0 
Table 25. Control of Laphygma frugiperda with pathogens in wet wheat bran formulations, and with 
chemical insecticides. Original data for Table 8. Medellfn, Colombia, 1960. 
Insecticide and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
Number of damaged in 160 plants Number of damaged in 160 plants 
Wheat bran 40.00 18 18 18 47 101 70 82 79 88 319 
57. B. thur ingiens is 40.00 8 4 24 24 60 4 3 2 3 12 
57. B. bassiana 40.00 15 26 14 53 108 77 77 67 76 297 
Telodrin 0.125 1 1 11 9 22 0 0 0 1 1 
DDT-toxaphene 0.50-1.00 13 16 33 22 84 1 5 1 1 8 
Toxaphene 2.00 1 5 11 11 28 0 2 2 0 4 
Untreated 25 12 12 42 91 66 78 50 55 249 
Totals 81 82 123 208 218 247 201 224 
Number of damaged in 160 plants Yield from 4 row» 
Wheat bran 40.00 51 57 61 69 238 21.88 24.23 15.48 22.16 83. 7 
57. B. thur ingiens is 40.00 16 38 14 24 92 24.31 21.49 16.78 24.36 86. S' 
5% B. bassiana 40.00 88 48 49 62 247 21.30 20.23 21.33 22.70 85 5' 
Telodrin 0.125 2 2 4 1 9 20.32 20.24 18.88 20.00 79 4 
DDT-toxaphene 0.50-1.00 4 4 . 9 13 30 17.69 21.49 24.93 27.59 91 7 
Toxaphene 2.00 8 6 6 10 30 24.31 20.10 20.43 24.24 89 0 
Untreated 62 71 49 65 247 21.08 22.84 20.12 22.39 86 4 
Totals 231 226 192 244 150.89 150.62 137.95 163.44 
Table 26. Control of Laphygma frugiperda and Diatraea saccharalis with Bacillus thuringienais 
preparations. Original data for Table 9. Palmira, Colombia, 1960. 
Material and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
Stand in 3 rows per plot Number of damaged plants in 3 rows 
B. thurindiensis 1.00 96 62 98 75 331 14 14 12 13 53 
B. thuringiensis 2.00 99 85 95 60 339 32 37 33 29 131 
5% B. thuringiensis 20.00 102 94 95 81 372 18 7 16 8 49 
5% B. thuringiensis 40.00 91 103 87 77 358 6 6 10 8 30 
Toxaphene 2.00 97 88 76 80 341 2 2 2 3 9 
Untreated 83 83 82 69 317 28 28 31 39 126 
Totals 568 515 533 442 100 94 104 100 
Number damaged plants in 3 rows Diatraea cavities in 20 stalks 
B. thuringiensis 1.00 52 24 74 31 181 190 65 1.47 142 544 
B. thurindiensis 2.00 55 36 30 28 149 115 169 62 51 397 
5% B. thuringiensis 20.00 58 60 46 28 192 170 82 72 113 437 
57. B. thuringiensis 40.00 23 29 68 63 183 73 105 1.20 71 369 
Toxaphene 2.00 46 34 17 19 116 48 143 67 40 298 
Untreated 44 44 23 30 141 145 58 124 93 420 
Totals 278 227 258 199 741 622 592 510 
Yield from 3 rows per plot 
B. thuringiensis 1.00 20.63 19.71 19.25 21.99 81.5 
B. thuringiensis 2.00 19.18 29.17 20.09 19.09 78.5 
57. B. thuringiensis 20.00 22.73 23.58 18.92 22.43 87.6 
5% B. thuringiensis 40.00 18.43 18.88 22.31 17.37 76.9 
Toxaphene 2.00 18.83 20.45 21.33 17.76 78.3 
Untreated 20.09 24.24 22.49 23.44 90.2 
Totals 119.89 127.03 124.39 122.08 
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formulations of Bacillus thuringiensis, and chemical insecti­
cides. Original data for Table 10. Palmira, Colombia, i960. 
Material and dosage Replicates 
in kg. per hectarea I II III IV Totals 
Stand in 3 rows per plot 
B. thuringiensis Spray 2.0 66 80 65 85 296 
10% B. thuringiensis Bait 20.0 78 82 88 70 318 
5% B. thuringiensis Dust 30.0 99 83 87 85 354 
Toxaphene Spray 2.0 99 82 73 74 328 
Aldrin Spray 0.5 80 85 74 94 333 
Toxaphene-
B. thuringiensis Spray 1. 0-1.0 85 86 65 75 311 
Aldrin-
B. thuringiensis Spray 0. 5-1.0 93 72 88 91 344 
Untreated 76 72 72 86 306 
Totals 676 642 612 660 
Percentage of damaged plants 
B. thuringiens is Spray 2.0 42.4 43.8 29.2 15.3 130. 7 
10% B. thuringiensis Bait 20.0 16.7 45.1 19.3 8.6 89. 7 
5% B. thuringiensis Dust 30.0 32.2 25.3 19.5 25.9 77. 1 
Toxaphene Spray 2.0 3.0 2.4 8.2 4.1 17. 1 
Aldrin Spray 0.5 7.5 2.4 12.2 4.2 26. 3 
Toxaphene-
B. thuringiensis Spray 1. 0-1.0 16.5 3.5 9.2 2.7 31. 9 
Aldrin-
B. thuringiensis Spray 0. 5-1.0 12.9 4.2 3.4 9.9 30. 4 
Untreated 27.6 25.0 26.4 20.9 99. 9 
Totals 158.9 151.7 127.4 91.6 
Percentage of damaged plants 
B. thuringiensis Spray 2.0 34.7 39.7 85.5 24.7 184. 6 
10% B. thuringiensis Bait 20.0 20.6 48.3 22.1 17.6 108. 6 
5% B. thuringiensis Dust 30.0 42.0 51.4 37.2 53.3 183. 9 
Toxaphene Spray 2.0 51.5 42.7 42.1 13.8 150. i 
Aldrin Spray 0.5 45.1 25.3 53.4 28.0 151. 8 
Toxaphene-
B. thuringiensis Spray 1. 0-1.0 50.0 44.1 46.6 16.4 157. 1 
Aldrin-
B. thuringiensis Spray 0. 5-1.0 59.3 46.6 26.2 47.7 179. 8 
Untreated 35.1 52.7 41.9 34.1 163. 8 
Totals 338.3 350.8 355.0 235.6 
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Material and dosage Replicates 
in kg. per hectarea I 11 111 IV Totals 
Percentage of damaged plants 
B. thuringiensis Spray 2.0 32.1 43.9 33.3 66.7 176.0 
10% B. thuringiens is Bait 20.0 8.8 17.8 3.5 26.5 56.6 
5% B. thuringiensis Dust 30.0 55.3 88.6 43.0 81.6 268.5 
Toxaphene Spray 2.0 29.0 8.5 29.4 9.1 76.0 
Aldrin Spray 0.5 6.3 3.8 14.5 5.9 30.5 
Toxaphene-
B. thuringiensis Spray 1. 0-1.0 33.3 30.2 43.3 12.9 119.7 
Aldrin-
B. thuringiensis Spray 0. 5-1.0 15.9 31.2 2.7 41.9 91.7 
Untreated 74.6 75.0 85.5 80.0 315.1 
Totals 255.3 299.0 255.2 324.6 
Percentage of damaged plants 
B. thuringiens is Spray 2.0 23.2 59.1 66.7 48.0 197.0 
10% B. thuringiensis Bait 20.0 10.3 20.5 15.3 35.3 81.4 
5% B. thuringiensis Dust 30.0 41.2 77.1 31.6 71.1 221.0 
Toxaphene Spray 2.0 6.5 2.8 7.4 13.6 30.3 
Aldrin Spray 0.5 7.6 5.1 11.6 2.4 26.7 
Toxaphene-
B. thuringiensis Spray 1. 1-1.0 4.9 10.5 6.7 3.2 25.3 
Aldrin-
B. thuringiensis Spray 0. 5-1.0 10.2 15.6 9.5 17.4 52.7 
Untreated 65.0 57.9 81.8 87.7 292.4 
Totals 168.9 248.6 230.6 278.7 
Table 28. Control of Agrotls Ipsllon with sprays of Bacillus thuringiensis and chemical insecti­
cides. Original data for Table 11. Bogota, Colombia, 1960. 
Material and dosage Replicates Replicates 
in kg. per hectarea I IX III IV Totals I II III IV Totals 
Stand per plot Percentage of damaged plants 
Trithion 0.25 122 137 134 132 525 28.46 » 20. 74 28.68 25. 90 103. 7 
B. thuringiensis 2.00 129 135 135 139 538 24.03 l 15. 56 28.57 28. 78 96. 9 
Malathion 0.25 135 138 136 136 545 15.15 ; 12. 32 27.41 33. 08 87. 9 
Parathion 0.25 123 135 133 139 530 17.17 16. 91 10.37 12. 41 56. 8 
Phosdrin 0.25 132 135 137 139 543 18.66 » 11. 11 10.29 23. 02 63. 0 
Metasystox 0.25 134 136 139 137 546 25.2C I 28. 57 22.30 41. 91 117. 9 
Methoxychlor 2.00 133 135 136 133 537 23.31 17. 51 8.21 24. 06 73. 0 
Untreated 123 133 135 130 521 27.13 1 29. 63 40.15 28. 79 125. 7 
Totals 1,031 1,084 1,085 1,085 179.11 . 152. 35 175.98 217.95 
Harvestable heads per plot Yield. kfi. per plot 
Trithion 0.25 40 51 53 51 195 63 74 45 95 241 
B. thuringiensis 2.00 49 56 52 55 212 62 92 58 53 265 
Malathion 0.25 50 53 55 53 211 101 65 47 78 291 
Parathion 0.25 45 56 53 59 213 67 85 47 66 265 
Phosdrin 0.25 54 56 55 54 219 134 59 84 74 351 
Metasystox 0.25 47 52 58 52 209 121 88 48 49 306 
Methoxychlor 2.00 54 51 56 57 218 150 66 84 67 367 
Untreated 50 51 49 55 205 75 63 43 85 266 
Totals 389 426 431 436 773 592 456 531 
Table 29. Plant damage and cut plants in plots treated for the control of Laphygma frugiperda and 
Agrotis lpailon with Bacillus thuringiensis and chemical insecticides. Original data 
for Table 12. MedelHnT, Colombia, 1961. 
Treatment and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
% damage of L. jirugigerda % damage of A. jjjgilon 
Toxaphene 2.0 18.9 18.9 19.0 37.0 93.8 2.70 6.06 2.38 3.22 14.3 
Toxaphene 2.0 15.8 23.3 48.3 29.1 116.5 5.10 10.00 20.80 12.50 48.4 
DDT-toxaphene 0.50-1.0 33.3 12.1 26.5 11.7 83.6 2.08 3.03 2.53 7.05 14.6 
DDT-toxaphene 0.50-1.0 19.2 12.8 36.5 16.7 85.2 5.76 7.69 14.63 4.81 32.8 
Telodrin 0.25 20.0 32.3 18.4 15.2 85.9 3.63 9.67 4.59 0.10 17.9 
Telodrin 0.25 15.4 50.0 33.3 7.8 106.5 12.69 20.00 13.33 1.11 47.1 
5% B. thuringiensis 40.0 34.0 28.8 38.9 16.2 117.9 0.10 1.69 7.40 1.16 10.3 
5% B. thuringiensis 40.0 44.4 63.4 66.6 47.0 221.4 13.88 7.31 15.22 12.88 49.2 
10% B. thuringiensis 20.0 24.0 28.5 41.8 29.5 123.8 4.25 3.28 13.55 9.30 30.4 
10% B. thuringiensis 20.0 70.2 66.1 , 69.4 61.6 267.3 6.00 23.80 6.97 8.19 44.9 
Untreated 69.2 57.2 73.3 49.2 248.9 10.26 11.11 16.16 13.11 50.6 
Totals 364.4 393.4 472.0 321.0 66.45 103.74 117.56 73.43 
Table 30. Results of two to four applications of Bacillus thuringiensis wheat bran granules and 
chemical insecticides for the control of Laphygma frugiperda and Diatraea saccharalis. 
Original data for Table 13. Palmira, Colombia, 1961. 
Treatment and dosage Replicates Replicates 
in kg. per hectarea I XI III IV Totals I II III IV Totalu 
Living larvae in 3 rows, 10 meters long Number of plants in 3 rows 
Toxaphene 2.00 34 3 2 7 46 128 126 133 128 515 
H 2.00 13 7 2 1 23 126 124 128 138 516 
it 2.00 11 10 12 10 43 124 123 132 132 511 
DDT-toxaphene 0.5-1.00 9 7 0 3 19 130 134 134 137 535 
11 0.5-1.00 2 0 0 0 2 113 123 125 134 495 
II 0.5-1.00 5 1 1 1 8 119 125 126 139 509 
Telodrin 0.25 38 1 5 0 44 122 124 123 128 497 
H 0.25 3 4 1 3 11 123 125 122 129 499 
n 0.25 4 0 0 10 14 121 125 120 135 501 
5% B. thuringiensis 40.00 54 48 30 56 188 107 126 126 137 496 
Il II II 40.00 38 103 21 48 210 122 129 121 103 475 
Il II II 40.00 32 36 37 22 127 125 123 116 126 490 
10% B. thuringiensie 20,00 92 52 20 44 208 122 123 124 132 501 
it it h 20.00 66 42 50 21 179 124 126 133 124 507 
H H H 20.00 77 50 50 34 211 127 130 119 103 479 
Untreated 123 145 83 59 410 123 129 116 129 497 
Totals 601 509 314 319 1,956 2,015 1,998 2,054 
Table 30 (continued) 
Treatment and dosage Replicates 
in kg. per hectarea I II III IV 
Damaged plants in 3 rows 
(First count) 
Toxaphene 2.00 53 6 12 25 
it 2.00 17 9 5 49 
it 2.00 17 23 25 4 
DDT-toxaphene 0.5-1.00 4 9 3 17 
I t  0.5-1.00 16 2 6 5 
I t  0.5-1.00 26 17 5 3 
Telodrin 0.25 5 3 18 22 
I I  0.25 13 8 5 11 
11 0.25 2 5 3 9 
5% B. thuringiensis 40.00 64 22 23 110 
h u h 40.00 21 42 21 88 
ii n n 40.00 37 35 70 35 
10% B. thuringiensis 20.00 45 16 15 46 
h h n 20.00 36 33 79 69 
it h h 20.00 32 47 40 62 
Untreated 120 88 82 126 
Totals 508 365 412 681 
Replicates 
Totals I II III IV Totals 
Damaged plants in 3 rows 
(Second count) 
96 27 34 34 30 125 
80 53 21 16 68 158 
69 28 41 48 7 124 
33 8 5 9 12 34 
29 30 34 7 20 91 
51 16 24 17 10 67 
48 7 7 13 10 37 
37 9 7 31 26 73 
19 1 6 13 3 23 
219 1 47 6 42 96 
172 23 35 22 31 111 
177 38 5 27 69 139 
122 46 39 78 20 183 
217 46 18 12 35 111 
181 83 14 21 36 154 
416 104 127 113 45 389 
520 464 467 464 
Table 30 (continued) 
Treatment and dosage Replicates Replicates 
in kg. per hectarea I IX III IV Totals I II III IV Total i 
Diatraea cavities in 10 stalks Yield, kg. l:rom 3 rows 
Toxaphene 2.00 79 94 95 75 343 9.29 8.01 11.67 11.33 40.3 
ii 2.00 102 126 76 61 365 13.07 10.04 11.29 11.35 45.7 
ii 2.00 48 45 95 42 228 10.99 14.15 10.14 12.59 47.8 
DDT-toxaphene 0.5-1.00 89 46 66 87 288 13.89 11.22 7.00 12.09 44.2 
ii 0.5-1.00 51 96 113 146 406 9.92 9.39 10.22 10.82 40.3 
ii 0.5-1.00 102 65 66 127 360 12.79 13.44 11.17 10.79 48.1 
Telodrin 0.25 32 57 74 84 247 10.82 10.19 10.80 13.43 45.2 
ii 0.25 16 108 124 64 312 11.80 14.69 10.98 11.19 48.6 
ii 0.25 42 15 23 21 101 12.19 13.98 11.51 12.98 50.6 
5% B. thuringiensis 40.00 67 141 103 80 391 9.25 10.69 12.91 11.89 44.7 
it h h 40.00 63 138 38 64 303 15.17 11.96 11.20 11.64 49.9 
h h h 40.00 99 74 88 71 332 12.48 9.99 12.14 12.31 46.9 
10% B. thuringiensis 20.00 109 71 55 89 324 8.44 9.65 12.32 11.64 42.0 
h ii ii 20.00 100 55 134 77 366 11.12 8.90 11.42 11.60 43.0 
h h ii 20.00 118 41 40 97 296 9.38 12.00 9.74 12.72 43.8 
Untreated 109 74 58 80 321 10.31 10.01 10.53 10.39 41.2 
Totals 1,226 1,246 1,246 1,265 180.91 178.31 175.04 188.76 
Table 31. Results of two to four applications of Bacillus thuringiensis wheat bran granules, and 
chemical insecticides for the control of Laphygma frugiperda and Diatraea saccharalis. 
Original data for Table 14. El Espinal, Colombia, 1961. 
Treatment and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
Number of plants per plot Damaged plants per plot 
Toxaphene 2.00 126 133 137 134 530 46 28 56 46 176 
11  2.00 112 127 138 76 453 55 37 43 19 154 
I t  2.00 131 133 108 66 438 34 37 44 37 152 
DDT-toxaphene 0.5-1.00 114 138 129 126 507 35 48 39 49 171 
I I  0.5-1.00 125 130 142 138 535 29 29 47 47 152 
I I  0.5-1.00 125 137 144 121 527 27 41 54 30 152 
Telodrin 0.25 138 136 127 141 542 42 20 43 43 148 
i t  0.25 124 148 139 126 527 32 23 43 44 142 
i i  0.25 132 131 144 136 543 30 29 34 40 139 
5% B. thuringiensis 40.00 139 153 83 130 505 21 29 11 43 104 
h » ii 40.00 125 138 142 127 532 33 31 43 39 146 
ii ii ii 40.00 108 130 134 132 504 50 28 33 45 156 
10% B. thuringiensis 20.00 141 136 143 85 505 33 25 49 23 135 
ii ii n 20.00 132 133 136 133 534 39 46 43 32 160 
h ii n 20.00 132 128 133 116 509 39 38 47 38 162 
Untreated 133 128 90 125 476 41 41 39 63 194 
Totals 2,047 2 ,149 2,069 1,912 596 530 668 643 
Table 31 (continued) 
Treatment and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
% of damaged plants per plot Number of plants per plot 
Toxaphene 2.00 100.0 97.7 100.0 100.0 397.7 114 126 134 125 499 
It 2.00 40.8 22.6 23.4 14.5 101.3 111 130 133 76 405 
It 2.00 12.4 9.1 1.0 26.0 48.5 125 129 102 68 424 
DDT-toxaphene 0.5-1.00 100.0 100.0 94.0 91.5 385.5 110 118 128 121 477 
II 0.5-1.00 54.8 13.0 8.2 5.1 81.1 121 129 140 132 522 
II 0.5-1.00 28.3 26.9 12.5 7.6 75.3 131 124 143 120 518 
Telodrin 0.25 90.7 92.7 100.0 86.9 370.3 131 132 112 135 510 
II 0.25 7.3 7.4 5.7 3.2 23.6 117 143 136 123 519 
II 0.25 0.1 0.1 0.7 0.7 1.6 134 128 140 136 538 
5% B. thurinftiensia 40.00 35.6 10.3 83.9 37.1 166.9 132 147 76 116 471 
ii it ii 40.00 42.6 22.7 19.8 9.3 94.4 118 131 137 122 508 
it ii n 40.00 45.8 15.2 6.6 25.7 93.3 101 126 131 123 481 
10% B. thurinRiensis 20.00 24.1 13.9 35.7 48.2 121,9 135 130 135 77 477 
it ii ii 20.00 59.5 39.3 44.3 17.5 160.6 124 107 126 122 479 
H » H 20.00 10.5 15.7 10.2 5.1 41.5 126 124 124 106 480 
Untreated 90.9 100.0 100.0 100.0 390.9 125 113 80 120 438 
Totals 743.4 586.6 646.0 578.4 1,955 2,037 1,977 1,822 
Table 31 (continued) 
Treatment and dosage 




Totals I II III IV I II III IV 
Diatraea cavities in 10 stalks Yield in kg . per plot 
Toxaphene 2.00 274 273 212 252 1,011 7.7 10.6 10.1 9.4 37.8 
ii 2.00 214 180 112 349 855 8.8 14.8 10.3 10.0 43.9 
11 2.00 79 141 249 285 754 12.2 13.6 8.5 9.9 44.2 
DDT-toxaphene 0.5-1.00 426 304 222 232 1,184 4.6 5.7 8.8 11.1 30.2 
ib 0.5-1.00 285 278 271 211 1,045 11.3 13.9 13.8 13.0 52.0 
H 0.5-1.00 130 246 98 232 706 14.0 10.8 12.6 9.1 46.5 
Telodrin 0.25 155 249 266 267 937 12.0 11.6 7.2 10.0 40.8 
H 0.25 201 196 164 212 773 11.1 12.2 15.7 12.5 51.5 
» 0.25 42 96 59 68 265 16.2 14.7 13.7 16.4 61.0 
5% B. thur ingiens is 40.00 173 149 378 210 910 13.0 13.1 7.2 10.7 44.0 
n ii ii 40.00 308 254 198 239 999 10.9 9.8 10.7 11.7 43.1 
ii n n 40.00 314 254 175 229 972 10.3 10.8 10.9 10.6 42.6 
10% B. thuringiensis 20.00 229 248 263 303 1,043 10.2 10.7 11.3 12.9 45.1 
ii a ii 20.00 207 234 241 223 905 12.1 10.0 9.4 9.4 40.9 
h n » 20.00 175 231 265 235 906 13.1 12.7 13.1 10.1 49.0 
Untreated 464 306 398 377 1,545 6.3 6.7 6.7 6.6 26.3 
Totals 3 ,676 3,639 3,571 3,924 173,8 181.7 170.0 173.4 
Table 32. Control of Diatraea saccharalis with applications of pathogenic or chemical insecticides. 
Original data for Table 15. Palmira, Colombia, 1961. 
Treatment: and dosage Replicates Replicates 
in kg. per hectarea I II III IV Totals I II III IV Totals 
Number of plants in 5 rows Diatraea cavities in 20 stalks 
Telodrin 0.25 179 200 152 196 727 25 26 7 2:1 79 
DDT-toyaphene 0„ 5-1.00 174 191 162 183 710 156 131 68 111 466 
5% B. thuringiensis 40.00 155 213 150 178 696 83 112 68 90 353 
B. thuringiensis 2.00 160 176 182 163 681 92 82 91 95 360 
Endrin 0.25 155' 165 183 196 699 106 54 32 65 257 
Heptachlor 0.50 191 226 182 176 775 51 57 90 50 248 
Aldrin 0.50 170 181 170 181 702 65 44 107 47 263 
Untreated 180 178 204 200 762 99 165 89 67 420 
Totals 1,364 1, 530 1, 385 1, 473 677 671 552 546 
Yield, , kg. dry weight per plot Corrected vield per plot 
Telodrin 0.25 15.00 17.50 16.10 18.40 67. 0 16.75 17.50 21.18 18.77 74. 2 
DDT-toxaphene 0. 5-1.00 17.00 19.30 18.20 18.30 73. 3 19.54 20.73 22.71 20.00 82. 9 
57. B. thuringiensis 40.00 16.65 21.10 14.50 16.80 69. 0 21.48 19.81 19.33 18.87 79. 4 
B. thuringiensis 2.00 19.05 16.30 16.80 16.10 68. 2 23.81 18.52 18.46 19.75 80. 5 
Endrin 0.25 16.20 18.30 17.70 13.90 66. 1 20.90 22.18 19.34 14.18 76. 6 
Heptachlor 0.50 16.16 15.84 17.90 17.10 67. 0 16.92 14.01 19.67 19.43 70. 0 
Aldrin 0.50 16.40 17.00 17.40 16.60 67. 4 19.29 18.78 20.47 18.34 76. 8 
Untreated 15.80 17.54 16.00 14.30 63. 6 17.55 19.66 15.68 14.30 67. 1 
Totals 132.26 144.84 134.60 131.50 156.24 151.19 156.84 143.64 
